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ABSTRACT

This thesis presents a model of heat transfer phenomenon
in thrust vector control systems, using the PHOENICS
computer code.

To simplify the problem of heat transfer to solid
objects in rocket exhaust, simple wedge bodies have been
examined in supersonic gas flow for both turbulent and
laminar flow cases.

The study gives an estimate of skin friction coeffi-

cient, surface heat flux, heat transfer coefficient, Stanton
number distributions, and computer run times.
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L. INTRODUTIO

The use of external aerodynamics in the control of
rocket trajectory, necessiates an active control system
which generates a force on external surfaces to accomplish
specified trajectory changes, and to balance external
disturbances such as wind and pressure forces. This type of
trajectory control is most effective at high velocities and
low altitudes. At high altitudes or low velocities the
effectiveness of ext6rnal surfaces for missile maneuvering
or trajectory control decreases markedly. Under these oper-
ating. conditions other control mechanisms must be used such
as jetvanes and jet tabs. 'Adding a jet vane or a jet tab
into nozzle exit, a capability to change and control the
direction of thrust can be obtained. The basic principle of
thrust vector control by using vane has been shown in
Figure 1.1

Jet vanes are a preferable means of thrust vector
control, provided the following requirements can be met:
simplicity of design, minimum weight; minimum material
erosion for maintenance of lift effectiveness; minimumS thrust loss or drag; adequate load carrying ability for the-

duration of firing; readily produceble; low cost.
The heat transfer modelling of thrust vector control

vane requires a boundary layer analysis. Following Prandtl,
the classical method of solving viscous boundary layer type
problems first calculates a streamwise pressure distribution
from purely inviscid considerations and then calculates the
boundary layer development under the influence of this
inviscid pressure distribution. No attempt is made to
correct the inviscid pressure calculation for viscous

effects originating in boundary layer region. Obviously,
such a two step procedure can be valid only if the pressure
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distribution calculated ignoring viscous effects is a

sufficiently good approximation to the pressure distribution
which actually occurs. In many cases of practical interest,
the inviscid pressure distribution is an excellent approxi-
mation to physical reality and in these cases the classical
two step procedure is valid.

The rapid development of both numerical techniques and
computer capability now have made it practical to apply
Navier-Stokes calculation procedures to the boundary layer
problem. Since the Navier-Stokes equations represent the
exact equations of motion, they contain no approximations
other than those made in connection with turbulence
modeling. For example the assumption of constant pressure at

any stream wise station which is inherent in most boundary
layer procedures and which may be in serious error in super-
sonic flow is relieved in the Navier-Stokes approach.
Further more,,' the approximation of convective terms in the
separated flow regions which is necessary for numerical
stability in boundary layer calculations, is not required in "
the Navier-Stokes calculations.

The advantage of the Navier-Stokes numerical solutions
must be balanced against certain disadvantages such an code
complexity, code run time and code storage requirements. A

consideration of both the advantages and disadvantages of

Navier-Stokes numerical solutions indicate that potentially

increased accuracy of this approach may well balance out the

increased requirements in computer storage and run time.
Recently numerical solutions of the Navier-Stokes equa-

tions by a variety of authors including Baldwin and
Maccormak (Ref. 11, and Shank* Hankey and Law (Ref. 21, have
compared predictions for a series of incident shock wave
botuidary layer interactions with experimental data. Good
agreement was obtained between the calculations and
experiment.

9



The present work addresses the heat transfer modelling

of thrust vector control systems. In this effort the

Navier-Stokes approach is applied by using a computer code

which is capable of simulating a large number of fluid flow,

heat transfer and chemical reaction processes which arise in

industry and elsewhere. The name of. this code is PHOENICS.
PHOENICS is an acronym standing for: 'Parabolic, Hyperbolic
Or Elliptic Numerical Integration Code Series'. The name
comes from the fact that the differential equations of fluid
flow etc. arise in forms classified by mathematicians as
parabolic, hyperbolic or elliptic; and PHOENICS solves these

equations, whatever their form.
Built into PHOENICS are the major conservation laws of

physics (mass, momentum, and energy) applied to a large
number of contiguous subdomains some times called 'cells',
into which the domain of study is artificially divided. The
numbek of cells can be few or many according to the require-
ments of the problem. Because of the numerical stability the
restriction on call refinement, can become particularly

burden.some in the calculation of a turbulent boundary layer

where a very fine mesh near the wall may be required.

When supplied with appropriate information concerning:
the physical ptoperties of the materials ; the geometrical
and other constraints; the inlet and/or initial conditions;
PHOENICS computes the .orre,.,ondinq solutions to the rele-
vant differential equations, expressing them as tables-of
numbers describing the field of velocity, temperature,
concentration etc.

Detailed information about PHOEkICS is. given in

(Ref. 31,

10



Figure 1.1 TVOUsiiig Vane.
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II. THEORET•ICL BAKRU

A. A BRIEF DISCUSSION ON NAVIER-STOKES APPROACH

Rapid advances in both numerical analysis and computer

techonology make Navier-Stokes procedures a possible alter-

native to boundary layer procedures which are necessary for

heat transfer modelling of thrust vector control systems.

Solutions based upon the Navier-Stokes equations need not

make an arbitrary division between viscous and inviscid

portions of flow field. In addition, Navier-Stokes proce-
dures solve a full transverse momentum equation and need not

make any approximation to the convection terms in separated

flow regions. These considerations indicate that even if a

Navier-Stokes procedure requires much computer resources

(storage and run time) its potentially increased accuracy

may make it an attractive alternative.

1. Gvngfll

In this effort to obtain governing equations, one
phase flow and negligible source term contributions have

been assumed. Under these assumptions the basic equations

in.[Ref. 31, reduce to the following:

CONSERVATION OF MASS

-= v.( $ ) (eqn 2.1)

CONSERVATION OF MOMENTUM

S(eqn 2.2)

12
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Where.%'s are the v, w velocity components for y and z
directions, and the velocity vector is; = v + w

CONSERVATION OF ENERGY

(P h) +- v.(p h -L- vh) = (eqn 2.3)

h C T
p 0

where h is the stagnation enthalpy of the gas and T. is the
stagnation temperature.

In the case of laminar flow the governing equations
(2.1), (2.2), (2.3) ar4 sufficient to determine a solution
when proper boundary conditions are applied.

However in turbulent flow it is necessary to hypoth-
esize a turbulent model relating the turbulent viscosity to
the other problem variables.

2. MMZbrn jetMg~
" The Model used in this effort is ME model, wltch is

used in Phoenics (Ref. 31, where k is turbulent kinetic
energy and C is the rate of dissipation per unit volume.

To obtain turbulent flow solution following tUrbu-
lent model equations have been used 'by PHOENICS.

Dk )+
Dt #k

(eqil 2. 4)
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o~('ff 2. 5___Dt " .ax *-'4 + ._ (c . _ C) (eqn 2.5)
Bt C

Where

G --- ---- (eqn 2.6)il k Ox ax( Ox• •.

C k2
"V "lam+ (eqn 2.7)

where the' constants C1, C , , C are automatically

provided in PHOENICS.
3. ar dnridti an =g G =Ujf r 2x

The accuracy of solutions which are computed with a
given number of grid points often can be improved by using a
nonuniform grid spacing to, ensure a finer mesh where the
solution varies rapidly. In the interaction flow field

large gradients are present near the wall and consequently
fine grid resolution is .desired in this region.

Within each cell is a "typical point (called a grid

node )" for which the fluid property values are regarded as
representative of the whole cell.

Discretization, interpolation, and integration of

these equationo leads to finite domain equations "FDE's"
having the form:

%0=a 0 +a 0 +a +a 0,+a 0 +a 0 tav +b

14



Where subscripts have the meaning; P, typical point (i. e.,
node) within cell, N, north neighbour node, S, south
neighbour node, E, east neighbour node, W, west neighbour
node, H, high neighbour node, L, low neighbour node, T, grid
node at earlier time, ap ,a, etc are coefficients, and b is
a representation of the source of • for the cell.

t"4
H

L-- l- --

I- I .

S I .

W0

..igure 2.1 Use of Grids.
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I II. UBEF:I)EL

In this effort the typical TVC vane as shown in
Figure 3.1 is approximated by the wedge geometry shown in
Figure 3.2 This geometry consists of two sections. First

section has an inclination of 4 degrees with respect to
symetry axis and the second section is the flat part which
has 3.2 milimeter length. The total length and the thickness

of the vane are 95.2 and 6.4 milimeters.

A. PROPERTIES
For both laminar and turbulent flow cases the proper-

ties were given as follows: 5
Stagnation pressure (Po)=55*lOPa

Stagnation temperature (To)=555.55IK
Gas constant=i287 Joule/kg.K
Specific heat ratio=l.35

Constant pressure specific heat (Cp)=kR/(k-1) Joule/kg.K

Density p a p I A---/k

where subscript o represents stagnation values. (Except
across the oblique shock, this isentropic assumption is true
in the whole flow field.)

Viscosity j - 0.1716 * 10-5, (-T ) 0.666 N s / m2

where T is static temperature, in "K.

In addition to properties above, for the turbulent flow
case an effective viscosity is used.

C .D P (eqn 3.1)

f -lam

16



B. INITIAL FIELDS

Necessary values to initialize the fields for both

laminar and turbulent cases, assuming isentropic flow were

calculated as follows:
Mach number M=3. 2

---- P 3.2)
-- -- --- ---

+ i2 l1/k-1)

Static temperature

T
T = -------- k - -------- (eqn 3.3)S+ 22

Static pressure

P
(1 ----- -- I ----- (eqn 3.4)

Sonic velocity

c I.- R T ) 1/2 (eqn 3.5)

Vemocity Li z direction

M, (eqn 3.6)

17



In addition to the quantities above for -the turbulent
flow case turbulent kinetic energy terms and dissipation
terms were specified as follows:

Turbulent kinetic energy

k1 0.01 w2 Joule (eqn 3.7)
kg

Dissipation term

21.5 . Joule (eqn 3.8)
0=0.16 k kg

where GH is the thickness of the TVC vane.

C. BOUNDARY CONDITIONS

L 121Mdrl QU=2=1 =2 229i U ~m d Donatem

For laminar flow at the low side of the computa-
tional domain, mass flux, velocity in the flow direction,Iand enthalpy were specified.

For the turbulent flow problem, in addition to the

boundary conditions above the turbulent kinetic energy and
dissipation terms were specified at the low and high side
boundaries.

2. floandar~ Condi~tio.ns M ±1= VA.U,
At the wall, normal and tangential velocities were

set to zero. Enthalpy at the wall was given by using a wall
S.- function. Details of the wall functions will be given in the

next section.
Using a wall function the heat transfer rate is

evaluated from the Chilton-Colburn form of Reynolds analogy,
in which the Stanton number (St) is related to the friction

18



coefficient (Cf) as follow;

St - Cf Pr-2/ 3  (eqn 3.9)

where Pr is the laminar Prandtl number. C.is related to the
wall shear stress (r.w) and the velocity paralel to the wall
(w) as follows;

C W (eqn 3. 10)
P W2

. (eqn 3.11)
2

where is the distance from the wall to the center of
the first cell.

The heat transfer rate per unit area at the wall (Q)
is then deduced from

0-St pW h w h (eqn 3.12).

where h is entalpy at the grid node and, hW is enthalpy
corresponding to the prescribed wall temperature

h. *C T~
W - p (eqn 3.13)

where C is constant pressure specific heat and Tw is the
wall temperature

In the analysis of the laminar flow case, instead of
activating the wall function, the velocity at the wall has

* -been given as zero because of. the no slip condition and the
enthalpy at the wall has been given.

19



D. WALL M'NCTION
The wall problem in the numerical computation of flows,

especially in turbulent flow, is an old one and most authors
have adopted similar techniques. In effect they "bridge
over" the region very close the wall, by introducing special
functions which are called wall* functions. These are often
empirical in origin. Accounts may be found in the books by
Gosman Et Al (1969) and Spalding (1975)

The problem arises as follows. Turbulence dies out,
close to the wall, because no slip condition and the rigi-
tidy of the wall Make all the velocity components fall to
zero. The consequence is that the effective viscosity and
other transport properties, fall there to their laminar
values and the result is a rapid variation with distance
from the wall both of the O's and of their gradients.

It is possible to compute these variations in detail, by
using a computer code such as PHOENICS on two conditions:

(i) the grid points must be packed into the region of
steep gradient changes closely enough for sufficient numer-
ical accuracy to be obtained

(ii) the functions appearing in the turbulence model
equations must properly represent the influences of local

Reynolds number on turbulence
Under the conditions above, the wall function sequences

in the program act as follows:
The Reynolds number is first evaluated, based on the

resultant velocity paralel to the wall, on the distance from
the wall to the grid node and on density and laminar
viscosity. If this Reynolds number is less than 132.25 (the
value at which the laminar and turbulent wall function
intersect) a laminar wall function is used. If this
Reynolds number turns out to be greater than 132.25 the
velocity variation is logarithmic and the corresponding
shear stress coefficient is evaluated. This corresponds to
the commonly used "lg law " wall function. (Ref. 4],

20



E. GRID SYSTEM
To obtain a fine grid resolution in the boundary layer

for the laminar flow case the first five cells in the y
direction from the wall obey the following proportionality
relationship

IV 3BYFRAC(IY) - C .... )

Where BYFRAC(IY) is the distance from the south side to the
north side of the cell of particular interest, divided by
total length of the domain, IY is the cell number, &,,ta, is
maximum allowable cell height, and GH is the thickness of
the TVC jet vane.

A fine grid resolution for the turbulent flow case is
set up in the same way as laminar flow. The Only difference
comes from the selection of the first five cells in y direc-
tion.The Following calculation shows the difference.

from the laminar solution and given properties the
following are known.

w=885.2 m/s
i'lam=1*10 N. s/m

66Po=5.5*10 Pa
Pstatic=l. 048*10 Pa
k1l. 35
p=1. 835 kg/m

Using the values above and the lenght of vane, which is
0.095m, A corresponding Reynolds number was calculated:

P W Z 5 * 888.5 * 0.095 ) M10 6

-------------------------------------------" . . . . . . ... -1, 4 -
"Ulam 1*10-`5

21



Using power law expressions

- 0.37 *Re-1/5 (eqn 3.14)
2

From equation 3.14 the boundary layer thickness at the
high end of the domain have been calculated as & • 2 * 10-3

With Re based on w. the velocity paralel to the wall,
ýZthe distance from the wall to the first grid node, . the
2 P.
density, and Plam the laminar viscosity. by must satisfy
the condition

Re z M ::2 :a 132.25 or AV >, 6.48 * 10" m

Therefore the interval of Ay is chosen such that

2 * A0Vm > •y > 6.48 *10 m

In this effort using the relationship

BYFRAC(IY) Y 2 - Ama.
I,5 10 GH

Ly has been calculated as ay - 8 * 10- m which is in the
required interval.

For both laminar and turbulent cases, cells in the z
direction were adjusted so that the points where possible
physical phenomena such as shock wave and expansion fan are
expected, very fine cells were generated. In the other parts
of the domain larger cells were generated. In this effort
the grid system was made up of 25 cells in the y direction
and 22 cells in the z direction. The grid system for laminar

and turbulent flow is shown in Figucre 3.3 and in Figure 3.4

22
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Figuare 3.3 Grid System for Lazinar Flow.
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Figure 3.4 Grid System for TurBulent Flow.
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IV. DISMQSTON QO QUANTITATIVE DISTRIBUTIONS

A. MACE NUMBER DISTRIBUTION

The expected oblique shock originates at the leading
edge of the TVC vane. The shock angle was calculated using

oblique shock theory as follows: [Ref. 6],

tano 2 cotanA ( M2 sinA- I (eqn 4.1)

M 2 k + cos(22A) + 2

C M 2 k + cosA ) + 2 3 tanO

(eqn 4.2)

2 . cotanfA ( M I sinp -1

where A is shock angle and 0 is deflection angle (4 degree
4. for this3 analysis).

Using equation 4.2 and equation 4.1 the shock angle has

been calculated as A =20.99 degrees. To calculate the Mach
number across the oblique shock, the following procedure has
been followed.

MIna %j A

where M is the normal Mach number immediately before the
oblique shock

2 - , -1 (eqn 4.3)
M2n 21 1. -

k-I in-

where k is k=1.3S and M~n is the Normal Mach vumber after
the oblique shock, from the equation above Ng has been

27
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calculated using the relationship

SM2n 
(eqn 4.4)

2 sin ( - 0)

where MI is the Mach number after the oblique shock.
After obtaining the Mach distribution from the PHOENICS

solution the points of

M -3.2 + 3.001

in the domain have been plotted for the laminar and turbu-
lent flow cases. Calculated slope angles of the oblique
shock lines for both laminar and turbulent cases are 20. 7
and 21. degrees.

The reason for selection of Mach number of M-=3.1 points
in the computational domain is to take into account the
uncertainities between the starting and ending limits 'of
oblique shock phenomenon.

The pressure ratio is calculated using the relation

P2 M2  k-I (eqn 4.5)
yP It + I k~+1

Therefore has been calculated as -- 2- 36

and has been calculated as P2 1 .6 P1  1.426 105 Pa

28
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To take into account uncertainities an average pressure

value has been calculated as follows;

p ( 1.048 + 1.426 ) * 105 1.237 * 10P--------7---------mPa

Investigating the locations where P-1.237*10 Pa in the

computational regime corresponding points have been found,

the same as the points corresponding to M=3.1 points. From
the calculations above the location of the oblique shock has

been presented in figures 4.1, 4.2, and 4.3

B. SKIN FRICTION DISTRIBUTION
1. Lamna J=i Friction Distribution

From the incompressible Blasius solution (Ref. 4],
skin friction coefficient is;

c= .. 2. ) (eqn 4.6)

Figure 4.5 shows the CP distribution according to the

Blasius solution.
Applying pressure and viscosity correction factors

to the incompressible Blasius solution, the following form
of the Blasius solution is obtained. (Ref. 4],

P C 1/2 (eqn 4.7)
C4 " 0.664 ( ... ..

where P C,,, ._._PO us

This corrected skin friction distribution is shown in

Figure 4.6
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U7ing the PHOENICS flow field output, Ce has been

calculated as follows.

C f 1 2 Tt
- p

Figure 4. 7 shows the CP distribution from this procedure.
Comparison of three Cf vs z graphs in figure 4.8

shows that, the solution for laminar flow over the vane is

consistent with the Blasius solution in terms of general

tendency. The jump in PHOENICS solution near the downstream

end of the vane occured because of the geometry change from
the inclined .part of the vane to the flat part of the vane.
Other deviations from the general tendency comes from the

numerical instabilities in PHOENICS.

2. T 5= F C Distribution

For comparison of the turbulent skin friction coef-

ficient distribution, a flat plate solution has' been used.Cf for a flat plate, assuming incompressible flow is

[Ref. 41,

C= -2 (eqn 4. 8)In n0.0O6 Rez

Relation between' C+ COMP and C C )in is
(Ref. 71,

C C
- C4-E--)--- - (eqn 4.9)f C inc I ÷r -I M2w

2

where r denotes the recovery factor which for turbulent flow
Ail

is r=Pr [Ref. 7],
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Calculated result of --------- 2c2 ratio is 0. 4
f inc

Therefore the compressible skin friction coefficient Cf can
be written as

o 0.455 0.4 (eqn 4.10)
(Cf ) (emp"4.10

camp in 2 0.06 Re

The Corresponding Cf vs z distribution is given in

Figure 4.9

Figure 4.1 shows the relationship between - O._-2. and

Mach number M. which is taken from [Ref." 4],

t., p. o

C" 0.4

02

- - S• 2 4 8 ft 10

Figure 4.1 Cf ratio vs M graph.

T
!Entering the Figure 4. 1 for T5. =1. 623 and M =3. 2

= (Cf

..has been obtained as CT C 0.77
finc in

"Applying this correction factor to equation 4.8 and using

_this updated equation for the Cf calculations the corre-
3ponding graph in Figure 4. 10 has been obtained.
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In the calculations using PHOENICS fl.ow field, the

following relation has been used.

2 '(eqn 4. 11):

To obtain equation 4. 11, turbulent kinetic energy equation

has been used as a starting point. [Ref. 5],

- = k aY (eqn 4.12)

"" It E - 1h :+ t.t (a.y D /T

The Source term of the turbulent kinetic energy equation

should be zero near the wall which means

kT( _. )2 _ CD_.±- = 0 (eqn 4.13)
kc ay W- D M

therefore the shear stress on the wall can be defined as:

T- CDI2 (eqn 4.14)

where kw is the turbulent kinetic energy on the wall, PW is
the density on the wall and C. is CD 0.09 (Ref. 5],

Substituting the values above into the Blasius skin friction
relation the Cf equation becomes:

2 _2 W (eqn 4.15)
= P= W2 P 32
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Using this equation a Cf vs z graph in Figure 4. 11 has been

plotted.

Comparison of those three graphs in Figure 4. 12
shows that a general consistency in tendency can be
observed. The jump in the PHOENICS solution comes from the
geometrical change of the vane, as in the laminar flow case.
The other deviation from the general tendency comes from the
numerical instabilities of PHOENICS.

C. LAMINAR BEAT TRANSFER DISTRIBUTIONS
In the laminar flow analysis the heat flux has been

calculated using an equation as follows for every cell over
the surface of the vane.

h -h__e --.---f WPr" _--Y-_ ( eqn 4. 16)
Pr _X2

where hp is the enthalpy at the grid node, hw is the
enthalpy at the wall and & is the distance from the grid
node to the wall.

Equation 4. 16 has been obtained using the following
procedure.

,, -h h -h

k-J-- = --a- h *. .E---hw-- -. U-- h __pway '-AY.-*-A

-- 2 2
k

The corresponding heat flux distribution is shown in
Figure 4.13

The Stanton numbers have been calculated by using the
heat flux calculations. The Stanton number equation is

a,

St----------- (eqn 4.17)
0.w 9 O9- h)3
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The denominator of equation 4.17 has been obtained from the

following relation between the recovery temperature and

stagnation temperature [Ref. 6],

T 1 + r (M0 ke -4.18)
-- - - = 0.928TO0 1 + k-1)M2

- S

where Tr is recovery temperature, To is stagnation tempera-

ture and r is recovery factor which for laminar flow is r=Pr

This gives

T h
-- h r 0.9 and hr 0.9 hTo ha r

therefore

p (h-h) p w (0.9 hO- h )

where hp is the recovery enthalpy and h0  is the stagnation

enthalpy. The distribution of Stanton number is shown in
Figure 4.14

Using the definition of Stanton number, the heat
transfer coefficient has been calculated.

H St Cp (eqn 4.19)

and the H distribution over the surface has been plotted in
Figure 4.15

D. TURBULENT HEAT TRANSFER DISTRIBUTION

In the turbulent analysis taking advantage of following
2 p kskin friction correlation; 2 w w

34.33
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The Stanton numbers has been calculated using the Colburn
analogy.

C÷- / (eq'n 4.20)
St = ( Pr e

Stanton number distribution is shown in Figure 4. 16 Using

the calculated Stanton numbers. The heat transfer coeffi-

cient distribution has been calculated from

H pwew St Cp (eqn 4.21)

Heat transfer coefficient distribution is shown in Figure
4.17 From heat transfer coefficient values, heat flux
distribution has been calculated:

"H .928 h- h) (eqn 4.22)

p

This equation has been obtained from the following proce-

dure. [Ref. 8],

0 p Ww St ( h -h (eqn 4.23)

substituting for Stanton number, gives

(,hr - h (eqn 4.24)

p
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Using equation 4.18, equation 4.24 yields;

"0.928h -h ) (eqn 4.25)Q= C ( . 0 hw
P

A Graph of the heat flux distribution is given in
Figure 4. 18

The corresponding computer programs and tabular distri-

bution values have been included in appendices for both
laminar and turbulent flow solutions.

E. DISCUSSION ON CPU TIME

Comparison -of the laminar and turbulent solution in
terms of cpu time can be seen on the next table. The values

below have been evaluated for the same continuity error of-4
7.416*10 and 100 "sweeps". Continuity error implies the
residual error of mass imbalance for the particular cell
which has been used as a control cell and "sweep" implies a
sequence of iterative steps through the integration domain.

TABLE I
CPU TIME COMPARISON

TOTAL CPU TIME

LAMINAR 147 seconds
SOLUTION

TURBULENT 188 seconds
SOLUTION
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OBLIQUE SHOCK (LAM. SOL)

._ ........- .. ................. ................ . ................ ................. ................. ................. .......... ...... .. ........ ....

.. •. f :. i '
0....... .............................. .............I.... .......I..........I

2 i .'

tV

I • . 4

. . . ...... .................

................................... ......... ...............

6.0000AWO.OI6 0=0304 0.03301 0.0186e 0.03835 O0X002 MOM16 0.00030 0410503
Z (FLOW DIRECTION)

Figure 4.2 Location of Oblique Shock in Laminar Flow.
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OBIU SOK(U'.SL

* z

I~04

F~igure 4.3 Location of Oblique Shock in.Turbulent Flow.
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laminar flow

turbulent flow

Eigure 4.4 Oblique Shock 1�elat±ve to V&ne.1
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*BLASIUS SOL

. .. .... ..... ..... .............. ........ .. ... ... ..... ..... .. .. ... ... ..... .......

.... .... .... .... .. ......

0.005 0.023 .4 ,D .7
Z (M) DIST FROM LEAD EDGE

Figure 4. 5 Laminar Flat Plate Solution.
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CORRECTED BLASIUS SOLUTION

................

........ .......... ..... ......................... .......................
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LAM CF (PHOE) DIST.
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.. ..... .......... •.. .... ;......................... i... ...................... ..... ................. ................ •............... .... . .

Y "*
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~~~~~.... ..... ............................ i .................. .... .. ................ ..... ... ..
. . ....................... . . ........ .

............ ..... .. . ...............
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" "~. .... .. .. .. .. . . .. .. ...... . . .i - , ,. .

C *.

0.00 0.6 0.07?
Z (M) DIS? FROM LEAD. EDGE

Figure 4. 7 Laminar (Phoenics) Solution.
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COMPARISON OF LAM.SOL

......................

,• LEGEND

a BLASIUSSOL

... .......... .......... .............. .... ........ ......... .......................... . ..., ..- .. .......

0.00 0.0 0.041 005 0.077
Z (N) DUST FRO LEAD EDGE

Figure 4.8 Comparison of Laminar Solutions.
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CF (TURB.FLAT PLSOL)

. ................................ .....................................

... ...... -................... ................... .......................

"Z . . I

.......... 4. T........................... . .t .. ..

-- 5

1 ~z (MI) DIST. FROM! LEADIN•G EDGE

i ¥Figure 4. 9 Turbulent; Flat Plate Sol.
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TURB. CF TEM. CORFL PL SOL

......... ........... .................... ........................................ .........

- -- -I -
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• ~~~~~~~~...... ........................ ....... i..................Il j I

-- ,:o . '.o. o.a, ia o• "
Z (Mi) DIST. FROM! LEADING EDGE
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CF (TURB.PHOENICS.SOL)

I.

.. .. .. ...
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COMPARISON OF TURB.SOL.

LAEOL.

n .... .............. ... ...... ................ ...........

...............
9A

*o~ea oo~oo~oi O~l~o0.077.
Z (Md) DIST. FRIOM LEADING EDGE

Figure 4. 12 Comparison of Turbulent Solutions.
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LAM HEAT FLUX DIST

.. . .... ..........................................

... ........... .... ........... . .. ......

0.005 0.02a .4 .3 .?
Z (M) DI1ST FROM LEADING EDGE

Figure 4.13 Laminar Heat Flux Distribution...
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LAM ST NUMBER DIST.

ca

. .. .............. ....................*............ .............................

--------

O.~5 O~3 .ou OQ~ 00
Z (M) DIST FROMl !JLIDIDG EDGE

Figure 4.14 Laminar Stanton Number Distribution..
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LAM. TH COEFF DIST
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Figure.t 4.5LmnrHCaf.Dsrbto.
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TURB. STANTON NUMBER DIST.

.....-. .... . .." . . . . . .

............................. ...... ...................... .................. ....... ... ..................... ..........

0.005 0.'023 0.61t 0.059Z (N) FRON LEADING EDGE

Figure 4. 16 Turbulent Stanton Number Distribution.
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TURB. (H). COEFF. DIST.

C!

. ........... e................ ........... ...........

..S. ..... ..............

0.05 0= .02.-0I

-Z 01) MIST. FP.O,' LrWDJNG EDGE

F'igure 4.17 Turbulent H Coef f. Distribuition..
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TURB. HEAT FLUX DMS.

.. .2 .. ...

4,4 O2l O2W

Z M W aUUDNEG

riuo41W I~~tHetFU itiuit-

U5



V. 4 AND RECMENDATI

The PHOENICS solution approach to this problem showed

that the turbulent case is more grid resolution sensitive

than the laminar case. The reason for this difference is the

requirement for the wall function in the turbulence model.

As explained in Chapter III the operation of the wall

function depends on the evaluation of a particular Reynolds

number. This Reynolds n-mber is based on the resultant

velocity parallel to the wall evaluated one grid spacing

from the wall. This value is then checked to use the laminar

V, or turbulent wall function. Since turbulence dies out close

to the wall, grid dimensions in y direction should be
selected such that., at least three grids should remain in

the boundary layer, but they should be far enough from the

* wall.

The wedge geometry of the model used in this study has a

4 degree inclined part and a flat part. Since 'there are no

an analytical or experimental results to compare the results

of this analysis with, the flat plate solutions have been

used as a criterion, for both laminar and turbulent flow

cases.

:.5
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APPZDIX A
SATELLITE PROGRAM OF PHOENICS USED IN LAMINAR ANALYSIS

C$DIRECTIVEN*SATLIT

C. SATELLITE PROGRAM OF PHOENICS IN LAMINAR FLOW ANALYSIS

C NZ=22 NY-25 YN=1OOH

C *FILE NAME.s MODBFCST.FTN

C MABSTRACTi SATELLITE MODEL MAIN PROGRAM. THIS VERSION IS

C FOR USE WITH THE BODY-FITTED COORDINATE SCHEME (SUMMER 1984

C VERSION) PROVIDED AS AN ATTACHMENT TO SPRING 1983 PHOENICS.

C NDOCUMENTATIONs PHOENICS INSTRUCTION MANUAL (SPRING,1983)

C WITH BODY-FITTED COORDINATES INSTRUCTION SUPPLEMENT

C (SUMMER 1984).

C *AUXILIARY SUBROUTINES (TAPES, ETC.) ARE IN SATELLITE LIBRARY

C SERVICEUo WHICH MUST BE INCLUDED IN LINK EDIT TO RUN.

X ., STANDARD SECTION 1 STARTS,

C ---------------------- I----------------------

CHAPTER I COMMON BLOCKS AND USER'S DATA.

INCLUDE (CMNGGUS)

INCLUDE (CNOGRF)

INCLUDE (GUSSEQ)

COMMON/CPIlIPWRIT, IDUN(243)

DIMENSION GDTAPE(3), DFAULT(4)

DIMENSION ARRAY1 (309),ARRAY2(194),ARIAY3(421)

LOGICAL ARRAYl ,LSPDAWRTRDNAMLST

INTEGER ARRAY2, oXPLANE, Y1LANE, ZPLANE

INTEGER P1 .PPU1 oU3,V1 ,VaWi .W2,R1 .R2oRSEPlHI ,HJ2,,Ct .C2,

SC3, C4

REAL NORTH, LOW

LOGICAL BFC

EQUIVALENCE (ARRAYI( 1 ),CTES), (ARRAYZ( I ),NX)

EQUIVALENCE (ARRAY3 1.)SPAREIA()),(MIR), ,(NZR,)
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EQUIVALENCE (LSTRUNINTGR(12)), CNAMLS14T,LOGIC(88))

EQUIVALENCE (LOGIC(20 ) BFC)

CXXOOOCXXXXX~OOOOOOO00OOOOOCXXOCSTANDARD SECTION 1 ENDS.

C$DIRECTIVE**CMNBF1 $$

C THIS FILE-CONTAINS SATELLITE COMMON BLOCKS FOR BFCS

C Fl MUST BE DIMENSIONED TO GREATER THAN OR EQUAL TO

C (NX+NY+1 7NNZ+243ENX*NY*6K*(NX+1 )*(NY+l )+6*ND). THE VALUE

C OF THE DIMENSION MUST BE SET AS NEFC IN GROUP 6 OF SATLIT.

COMMON/FOB/Fl (5000)

COMMON/CIB/ND/CIC/KOORD

COMMONd'CID/KDBGG , KDBGMF, KDBGCD ,KDBIND, KDBMFX ,KDBCDT, KDBPCS,,

& ~KDBGUVJPKDBGPV

COMMON/CIE/XDBGS, KDBINS

COMMON/CIF/IIIEN/CIG/NCART

C THE FOLLOWING ARRAYS MUST BE EXACTLY DIMENSIONED FOR NXPI,

C NYP1 AND'NZP1,- BUT MAY BE OVER DIMENSIONED FOR ND.

C THE BFRAC ARRAYS MUST BE DIMENSIONED TO ALLOW FOR SETTINGS

C IN SATLIT, THEY MAY BE OVER DIMENSIONED.

COMMON##CRA/XW(26,23 # )/'CRB*#X.SC26,23 p I

& lCRC/YS(2,233l)lCRD/YN(2s,23#1)

& /CRE/ZL(2,,26,1)/'CRFflM(2,26,1)

& /CRG/RCON/-CPJVDARCY/CRI/BXPRAC (99 )/CRJ/BYFUtC(99)

& CRK/BZFRAC(99)

CCOMON/CLW/STORSAC6) ,STORWD(6) ,STORPSTORPEj,STORPN*

& STORPMD STORI DSTORZ, STOR5. STOUNVPRTBFCD STOCRN

CO!IMON/CLC/BFPLOT

LOGICAL STORP, STORPE, STORPN STORPHSTORIPSTOR2,~STORS$,

& ~STORSASTORWD, $TOUNV. PRTBFCBFPWOT,$TOCRN

C END

CXX XXXXXX)OCXXXXXXXXXXXXXKXXXXXXXXXXXXX USER SECTION 1 STARTSo

a GRAFFIC ARRAYS DIMENSIONED AS NEEDED...

COMM4NOHGRAFl/PHI1 (1) /GRAF2/PH12( 1)

C POROSITY &SPECIAL, DATA ARRAYS DIMENSIONED AS NEEDED...

DIMENSION PE(1o,l,)ePNCD1,1l),PH(1,1,1),PC(l1,1,)

DIMENSION LSP0AC1) ,ISPDA( 1) RSPOkA( 1)
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C USER PLACES H IS VARIABLESP ARRAYS# EQUIVALENCES ETC. HERE.

EQUIVALENCE(RAIRRE(21 )), (GAMARE(22)), (GSWP,RE(23))

C USER PLACES HIS DATA STATEMENTS HERE.

DATA NLSP,,NISPNRSP/lpl,1,/

CXooXXX aacXXXXXXXXXXXXXXXXXXXXXXXXXXXXoa USER SECTION 1 END~S.

CXXXXXXXXXXXXXXXXXXXXIOOOOOOOOOOOOOOOOOOO STANDARD SECTION 2 STARTS:

CHAPTER 2 SET CONSTANTS, AND ARRANGE FILE MANIPULATIO)NS.

C-----------------------------------------------------------

C PLEASE DO NOT ALTER, OR RE-SET, ANY OF THE REMAINING

C STATEMENTS OF THIS CHAPTER.

DATA CELL, EAST, WEST, NORTH, SOUtrHHIGH, LOW, VOLUME/

DATA P1 ,PPU1 ,U2,V1 ,V2,W1 W2,R1 R2,,RSKEEP,H1 ,H2,H3,C1 ,C2,

&C3,C4/1,2,3,4,5,6,7,8,9,1O,11,12,13,14,15,16,17,18,19,20/

DATA FIXFLUFIXVALONLYMS,WALL/1.E-61O,1.E1OO.Oj,-10.O/

DATA IPLANE,XPLANE,YPLANEZPLANE/O, 1,2,!/

DATA WRT,RD,DFAULT/.TRUE., .FALSE.,,4HDEFA,,4HULT.,4HDTA/,1IHG/

DATA GDTAPE#4HGUSlI,4HEl..D*2HTW/

DATA NLDATA,,NIDATANRDATA.'3O9* 194,,421/

DATA NLCREGNTCVRG/60,350/

DATA TITPPTITC1 ,TITC2/3HRHO.4H1'ACH,4RTEMP/

CALL TAPES(1O,GDTAPE,3,1,4*NRDATA)

C -----------------------------READ DEFAULT FILE IF BLOONDATA ABSENT

IFCINTGRi (29) .NE.1O) GO TO 2

CALL WRIT4O(4ONDATA ESTABLISHED IN BLOCK DATA.)

GO TO 3

2 CALL DEFLT

CD 2 CALL TAPES(1,DFAULT,4o2*4MNRDATA)

CD CALL DATAIOCRD,1)

CALL WRIT4OC4OHDATA TAKEN FROM DEFAULT.DTA ON GROUP A/C)

3 CALL WRIT4O(4OH1FILE MODSrL.vr1N IS THE SATLIT USED. )

LOGICCB9)*a.TR!JE.

C -----------------------------------------------------------

CHAPTER 3 DEFINE DATA FOR NRUN RUNS.
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C-

CXXXXXXXXXXXXXXXXXXXXXX X XXX O X STANDARD SECTION 2 ENDS.

CX1OOOia...XXX1OOOCXXXXXXXXXXXXXXXXXX USER SECTION*2 STARTS s

C--- GROUP 41MULTI-R-UNS 1 RUN(l-30)<.T.,29X.F.>

C

RUN(1 )=.FALSE.

C NOTEs ALL RUNS ARE DEACTIVATED AT THIS POINT - USER SHOULD

C a== SWITCH ON ONE ONLY OF RUNS 1-4 IN NEXT STATEMENT.

RUN(1 ):.TRUE.

CXXXXXXXXXOXOOOOOOXXXXXXXXXOXXXXXXXXX USER SECTION 2 ENDS.

---- =.-XXXX •STANDARD SECTION 3 STARTS&

DO 10 IRUN=1,3O

IF(.NOT.RUN(IRUN.)) GO TO 10

NRUN-NRUN+1

LSTRUN=IRUN

10 CONTINUE

DO 999 IRUWl',LSTRUN

IF(.NOT.RUN(IRUN)) GO TO 999

INTGR(11) aIRUN

v STANDARD SECTION 3 ENDS.

X USER SECTION 3 STARTSs

C--- ALL INTEGER VARIABLES ARE DEFAULTED TO O, AND REAL VARIABLES

C TO 0.0s UNLESS OTHERWISE INDICATED.

C E.G. BY VARIABLE<IO), OR <10.0) AS APPROPRIATE.

C THE DEFAULT SETTINGS OF ALL LOGICAL VARIABLES ARE ALWAYS

C INDICATED, E.G. VARIABLE<.T.>, OR VARIABLE<.F.>.
-- 1 C

C--- RUN1

C ------------ ------- ------

C--- GROUP 1. FLOW TYPE ,

C PARAB<.F.>,CARTES<.T.>,O0NEPHS<.T.>

C-.-.---------- ---- ------- ---------- ------......

C--- GROUP 2. TRANSIENCE

C STEADY<.T.>,ATINELSTEP< I>FSTEP<1>

C TLAST<1 .EIO>,T FRAC(1-3O)c30D1.>



C SERVICE SUBROUTINE FOR INT' POWER-LAW TIME STEPSt

C CALL GRDPWR(OoNTPTLAST,-POWER)

C --- GROUP 3. X-DIRECTION

C NX(1>),XULAST<1 .O),XFRC(1-30)

C SERVICE SUBROUTINE FOR POWER-LAW GRID:

C CALL GRDPWR( 1 NX,.XULAST, POWER)

C__!-------------------------- -------------------

C--- GROUP 4. Y-DIRECTION

C NY<1>oYVLAST<I .O>,*YFRAC(1-3O),,RINNER,,SNALFA

C SERVICE SUBROUTINE FOR POWER-LAW GRIDt

C CALL ORDPWR(2,NY,.YVLAST,,POWER)

j NY=25
C------------------------ "------------------

C--- GROUP 5. Z-DIRECTION

C NZC1>oZWIAST<1 .O>oZFRAC(1-30)

C SERVICE SUBROUTINE FOR POWER-LAýW GRIDt

a CALL GRDPWR(3oNZZWLA$T,,POWER)

NZU22

C ------------- w..------ -w----------------------

C-- GROUP 6. MOVING GRID OR DISTORTED (BODY-FITTED) GRID

C --- MOVING GRID

C MGRIDIZW1 DIZWZDAZW2,BZWZDCZW2,PINTFZW2N1T

C ----------------------------------------

:1C -- BODY-FITTED GRID--
C BFC<.T.)DIGEN(1).ND(1>DNBFC-CSOO),KOORD,RCON

C BXFRACC1-NX)<1.ODNXHMxO~O>

C BYFRtAC(1-NY)C1 .0*NYN1NO.O>

C BZFR1ACC1-NZ)<1.ONZNMlx.O>

C SERVICE SUBROUTINE*FOR SUB-DOMAIN SPECIFICATION (FOR IGENuI

C ONLY)s

C CALL DON IN(ZDIXFIXL,IYF,IYLaIZPI?,L)

C XEC1-NYP1,1-NZP1,1-ND)<(NYP1MNZP1MND)M1 .0>j

C XW(l-NYP1,1-NZP1D1--ND),

C YN(I-NXPI,1-NZPJ,1-,ND)<(NXPIMNZPIMND)*1.O>,
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C YS(1-NXP1,1-NZP1,1-ND)m

C ZH(1-NXP1,1-NYP1,1-NI)<(NXPIlNYPX1ND)*l .0>,

C ZL(1-NXP1,1-NYP1,1-ND),STORSA(1-6)C<6.F.>,STORWD(I-6)C<6.F.>,

C STORP<.F.>,STORPE<.F.>,STORPN<.F.>,STORPH<.F.>,STOUNV<.F.>,

C PRTBFC<.F.>,DARCYBFPLOT<.F.>

C CYCLIC BOUNDARY CONDITIONS ARE DEFAULTED INACTIVE

C TO ACTIVATE THEM AT SELECTED IZ SLABS USE SERVICE SUBROUTINE:

C CALL XCYIZ(IZ,.TRUE.)

C SERVICE SUBROUTINE TO DEACTIVATE CURVATURE TERMS IN U, V

C AND W EQUATIONS ASSOCIATED WITH CURVATURE OF IX, IY, IZ

C GRID LINES RESPECTIVELY:

C CALL UCURVE(IZ,.FALSE.)

C CALL VCURVE(IZ,.FALSE.)

C CALL WCURVE(IZ,.FALSE.)

C NCART<1>

C 3EWARNINGSI I iI
C

C A) WHEN USING BFCS STOVAR(H3), STOVAR(C4), STOVAR(21) ARE

C AVAILABLE ONLY FOR STORING NON-ORTHOGONAL VELOCITY

C COMPONENTS.

C B) MULTI-RUNS ARE NOT ALLOWED WITH BFC OPTION.

C C) MOVING GRIDTWO-PHASE AND PARABOLIC OPTIONS ARE NOT

C AVAILABLE WITH BFC OPTION.

C D) KE-EP TURBULENCE MODEL SHOULD BE USED WITH BFC'S ONLY

C WHEN THE HAIN FLOW IS IN THE IZ DIRECTION.

C E) BUILT-IN GRAVITY TERMS DO NOT TAKE ACCOUNT OF BFCiS.

C KNOTES

C

C A) THE STANDARD VELOCITY-FIELD PRINTOUT FOR THE

C VELOCITY RESOLUTES IS ACTIVATED IN THE USUAL

C WAY. AN ADDITIONAL OPTION EXISTS FOR PRINTING THE

C CARTESIAN VELOCITY-COMPONENTS WHICH MAY BE

C ACTIVATED BY SETTING THE FOLLOWING LOGICALSt

C STOVAR(U2)=.T. FOR U-COMPONENT (CARTESIAN)

C STOVAR(V2)m.T. FOR V-COMPONENT (CARTESIAN)
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C STOVAR(W2)=.T. FOR W-COMPONENT (CARTESIAN)

C SIMILARLY PRINTOUT OF NON-ORTHOGONAL VELOCITY

C COMPONENTS MAY BE ACTIVATED AS FOLLOWS a

C STOVAR(C4)=.T. FOR U-COMPONENT (NON-ORTHOG)

.C STOVAR(H3)=.T. FOR V-COMPONENT (NON-ORTHOG)

C STOVAR(21 )= .T. FOR W-COMPONENT (NON-ORTHOG)

C B) BFC (TO ACTIVATE THE BFC OPTION), IGEN (THE CODE-FOR METHOD

C OF GRID SPECIFICATION), ND (NUMBER OF SUB-DOMAINS) AND

C NBFC (THE Fl ARRAY DIMENSION), MUST BE SET BEFORE

C "STANDARD BFC SECTION 2".

C ALL OTHER BFC DATA MUST BE SET AFTER "STANDARD BFC

C SECTION 2.

*C C) NXP1, NYPI, NZPI STORE NX+l# NY+1, NZ+l; THESE ARE

C AVAILABLE TO USER AFTER STANDARD BFC SECTION 2.

C D) FOR IGEN1l USE BXFRACsBYFRAC & BZFRAC IN PLACE OF

C XFRACPYFRAC & ZFRAC.

C---------------------------------------------------------------

CXXXXXXXXXXXXXXXXXXXXXXXXXXX STANDARD BFC SECTION I STARTSt

C DEFAULT SETTINGSt

NCARTu1 0

BFC=.TRUE.

IGENzJ

ND~l

NBFC=5000

CXXXXXXXXXXOCXXCCXXOCXXXOOCCXXXXXXX STANDARD BFC SECTION 1 ENDS.

C KUJSER SETS BFC, IGEN* ND AND NBFC HERE.

C

CXX)OOCXXXXX)OOCXXXXXOCXXXXX)OOOOXXXXXXCX STANDARD BFC SECTION 2 STARTS.

CALL SB41(NXPI.NX+1,NYPI1,NY+IPNZP1,NZ+1,I,0)

IF(BFC) CALL BFCDFT(NBFCXEXWYNYSZHZLND.NXP1 ,NYP1,

a Nzp1,Nz)

* CXXXXX)XXXXX)XXXXXXXXXXXXXXJWVXXXX STANDARD BFC SECTION 2 ENDS.

c KUSER SETS ALL OTHER BFC VARIABLES HERE a

C MUSING NONIFORN GRID 1-8

GHu6.4E-3



GL=95.*2E-3

GTL=1 .24GL

GBETA=4.

GBETA=GBETAIE3. 1415927/180

GTAB=TAN(GBETA)

DELMAX=2.E-3

GNBL5S.

GPWR-3.

DO 64 IYult5

64 BYFRAC(IY)=(FLOAT(IY)/GNBL)3E3GPWR*DELNAX(10 .*GH)

DEL=(1.-DELM'AX/(1O.36*G) )/(FLOAT(NY)-GNBL)

DO 65 IY=6,NY

65 BYFRAC(IY)vBYFRAC(IY-1 )+DEL

BZFRAC( 1)=42.373E-3

DO 66 IZ=2v8

66 BZFRAC(IZ)=42.373E-3+BZFRACCIZ-1)

DO 67 IZ=9,14

67 BZFRAC(IZ)z84.75E-3+BZFRAC(IZ-1)

DO 68 IZ=15,16

68 BZFRAC(IZ)n42.373E-3+BZPRA4C(IZ-1)

DO 69,IZ=17,,22

69 BZFRAC(IZ)=11 .2955-3+BZFRAC(IZ-1)

CALL DOZIAIN(1,1.,NXol*NYs1,NZ)

DO 61 IXulNXP1

DO 62 IYalNYPl

ZLCIXDIYPI)*0.0

62 ZHCZX#ZY#1)aGTL

DO 63 IZ=1#NZPI

YN(IX.lZt,1)JO*GH

63 YS(IXIZ,1)m0.O

DO 663 XU:6#zo

663 YSCIXXIZ,1 )QBZ)RACCIZ-1 )-8ZPRACC5))XGTABMGTL

0O 664 IIZ=21,22

664 YS(lXoUZ*1)=YS(IX#2O,1)

61 CONTINUE

62



STORSA(IFIX(LOW) )=.TRUE.

STORSA(IFIX(HIGH)) =.TRUE.

STORSA(IFIX(SOUTH) )=.TRUE.

STORWD(IFIX(SOUTH))2.TRUE.

PRTBFC=.TRUE.

CDAR DARCY=I .El 0

C - -

C--- GROUP 7. BLOCKAGE: BLOCK<.F.>,IPLANEIPWRIT

C *SET CONSTANT POROSITIES OVER SUB-DOMAINS USING:

C CALL CONPOR(IR,TYPE,VALUEIXF,IXL,IYFIYLIZF, IZL), WHEREs

C IR=RUN SECTION NUMBER, E.G. 1 FOR RUNI SECTION; 'TYPE-- EAST,

C WEST, NORTH, SOUTH, HIGH, LOW & CELL. .VALUE'=WANTED POROSITY

C OVER REGION IXF,...IZL.

C NDIMENSION ARRAYS PE(NXYNZ), PN(NX,NYNZ), PH(NX,NY,NZ), &

C PC(NX,NY,NZ) ABOVE.

C NFOR FULLY-BLOCKED CELLS (IE. 'VALUE'= 0.0) USER NEED SET ONLY

C THE 'CELL' POROSITY (TO ZERO), AS CELL-FACE AREAS ARE THEN

C AUTOMATICALLY ZEROED.

C *FOR SATELLITE PRINTOUT OF ALL POROSITIES IN DOMAIN, 'IPLANE'"

C XPLANE YPLANE OR ZPLANE, FOR DESIRED CROSS-SECTION DIRECTION.

C MFOR EACH 'TYPE' A MAXIMUM OF 10 CALLS TO CONPOR IS ALLOWED,

C BUT IF REQUIREMENTS EXCEED THIS PROVISION SET BLOCKO.T. &

C IPWRITw-1, AND SET POROSITY ARRAYS EXPLICItLY HERE AS WANTED.

C IN THIS CASE, THE USER N U ST SET A LL ELEMENTS OF
C ARRAYS PE, PN, PH, PC (MANY MAY BE 0.0 OR 1.0). HE MAY USE.

C CALL CR(PARRAYVALUEIXFPIXLIYF,IYL,IZF,IZLNX,NY,NZ)

C ANY NUMBER OF TIMES, TO SET 'PARRAY' (a PE, ETC.) TO

C 'VALUE' OVER RANGE IXo' TO IXLo IYF TO IYL, IZI TO IZL.

C MCONPOR N U S T N 0 T BE USED IN CONJUNCTION WITH EXPLICIT

C SETTINGS OF THE ARRAYS (INCLUDING SETTINGS VIA CR).

C ---------- w.------- ----..------------------ -

C--- GROUP 8.DEPENDENT VARIABLES TO BE SOLVED FOR OR STORED

C SOLVAR(I-25)<25*.F.>,STOVAR(1-S)25M.FP.>,,CONC( 1-4)<4M.T.>

C USE FOLLOWING NAMED INTEGERS FOR ARRAY ELEMENTS 1-201

c PlPP,UI,U2,V1,VI,W1,,W21, ld,RSKEEP,Il1,.,13,CIC2,C3,,C4.
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SOLVAR(P )m.TRUE.

SOLVAR(PP)=.TRUE.

SOLVAR(Vl)=.TRUE.

SOLVAR(WJ =.TRUE.

SOLVAR(H )=.TRUE.

CT SOLVAR(KE)u.TRUE.

CT SOLVAR(EP)=.TRUE.

STOVAR(V2) .TRUE.

STOVAR(W2)=.TRUE.

STOVAR(C1 )=.TRUE.

STOVAR(C2)=.TRUE.

C --- GROUP 9. VARIABLE LABELS

C TITLE(1-25)<2HPl,2HPP,2HlU2KU2,aliVI,2ilV2,2HW1,2HW2,2HRI,

c 21iR2,-2HRS,2HKE,2)IEP.,2H~l1,21112,2HH3,,2HC1 ,ZHC2,

C ZHC3p2IHC4p2HflXp2HRYo21IRZP 2X4HXmK3I>

C TITLE(Cl)m4HMACH

C TITLE(C2)=ITEMPIP

C TITLECPP)u'RHOll

C --- GROUP 10 PROPERTIES.

C IRHO1<1>,flU102<1),RIO1<1 .0>,RHOZ(1 .0>,

C ARHOJ(1.O),BRHO1<1.0>,CRHO.1(1.0>'

C IENU1<1>*ENU1<1.O>,EMULWfl1.E-1O>

C IHfSATpH1SATpHaSAT#PSATEX<1.0>

C SI.00.1-25)(.0p2.0.1.,1.E1,.1EO,.1EO

IRHOI%4.

PTOT=55.E5

TOTSSS.55

RA1R2287.

CP=RAIR( 1-lI/GA)

TW=323.

)IWALLuTWXCP
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HTOT=CP3(TOT

RHTOT=PTOT/TOT/RAIR

LOGIC(87)=.TRUE.

ARHOJ RHTOT/PTOT3EM( /GAMA)

BRHO=11./GAMA

C TURBULENT FLOW

IEMUl u-i

lSNUW1 .E-5

L'IULAM=EMU1

SIQNA(24)=0 .7

SIGRIA(10)0.7

C--------------- -------- ---- --------------

C--- GROUP 11 INTER-PHASE TRANSFER PROCESSESs

C ICFIPP.-CFISIMDOTCMDOTCA1I1< .E6>,CA2I<1 .E6>

C ------------------- ------------- -----

C--- GROUP 12 SPECIAL SOURCES

C ISPCSOC 1-a5) ,AGRAVXAGRAVYDAGRVZDABUOY,,HREF

Cw---GROUP 13 INITIAL FIELDS

C, FIINIT(1-25)<25Xl-.Z-1 0>

C MACH NO. OF FREE STREAM

GZIACH=&.2

A1*+(GAMA-1 )/2*MGACHxK2

TE*TOT/A

PJIEJROTv'ANMC1,(GAI4A-1))

PSTAT=PTOT/AmmCGANA (GAMA-1))

RHl01 ARHIIO1 PSTATMN8RHO I

SONICmSQRT(GANlAmRAIRMTE)

WINmSONICxGNACH

RREINuO .01 KWINNN2

PINUO. 16*RKEINMMI .5/G

FIXNITCHJ )=lTOT

FIX~IT (KE) ORIEIN
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FIINIT(EP)=EPIN

C--------- -------- ------

C --- GROUP 14 BOUNDARY/INTERNAL CONDITIONS

C ILOOP1,ILOOPN,XCYCLE<.F >,PBAR,REGION(1-10)<10*.T.>

C' W.D * ALL 10'REGIONS ARE- DEFAULTED -TRUE.. THE USER SHOULD

C SET REGION(I)=.FALSE. FOR UNUSED REGIONS 1I'.

DO-14 Izl,10

14 REGION(I)=.FALSE**

C C--- GROUP 15 TO 24; REGIONS.1 TO 10

C C--- ONLY THOSE REGIONS ARE ACTIVE WHICH.ARE SPECIFIED BY THE

C USER,, PREFERABLY BY WAY OFt-

C CALL PLACE(IRE.GNTYPE,.IXF,,IXL,IYF,IYL.,IZF,.IZL) &

C CALL COVAL(IREONVARBLE,,COEFFVALUE)

CALL PLACE(1,LOW,1,NXp1,NY,1,1)

C CALL COVAL(lsH1,FIXFLUsWINXRHE)

CDAR CALL COVAL(1N,1l~.E-2Q,1.E+2OMWINMJWE)I G6CNU2*6AWAWIN/ (GAMA-1)
GVI=PTOT*RWERHTOT

CALL COVAL(1411.GCII, MS

CALL COVALC1W1,ONLYMS*WIN)

CALL COVAL(IsHloONLYNSJHTOT)

C CALL COVAL(1, MONJLMSRUIN)

C CALL COVAL01IPOtLYhMJPI!N)

CALL PCAC(2,HlIGL1,*NX1,tMYNZ.Z)

* C CALL COVAL(2,NboFIXVALPSTAT*0.)

CALL COVAL(2,Il1,OO0KUXNMIUE/PSTATPSTflTI

C WALL4 AL.ONG THE VANZE !Z(6;22)

4A.

Dy1=ByM!AC(1M10o.*GI

CALPlACE(3,SOUTHflI.1NX,1.o6oZ2)

CALL COVALC3W1.GOEMO.0.)

CALL COVAL(3,H1,GA'ElI.WALL)
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C CALL COVAL(3vKEWALL,O.)

C CALL COVAL(3,EP,WALLoO.)

C------------

C--- GROUP 25 GROUND STATION

C GROSTAC.F.>,XAMLS1'<.F.>

C XNAHLST ACTIVATES NANELIST IN GROUND.

GROSTA=. TRUE.

C------------------- --------------- --- m------~4---- -

C--- GROUP 26 SOLUTION TYPE AND RELATED PARAMETERS

C WHOLEP<.F.>,SUBFST<.F.>,DONACC<.F.>

WXOLEP * TRUE.

C ------------------ m------

C --- GROUP 27 SWEEP AND ITERATION NUMBERSa

C FSWEEAP<1).LSWEEP(1),LITHYO(<1>,LITC(1>,L~ITKE<1>,LMITU(1)

C LITER(1-25)<9*1,-1,15x1>

C IVELF(1).NVZLCI),IVELL<10000)',

C IlMF<1>,NlE~t),Ikl=1OOOO),

C IENTF(1),IiENTC1),IENTL<10000>,

C ICNCFCi>),NCNC;< ),ICNCL(1OQOO)o,

C IJWO1F<1>,NRHO1CP-,MIRJOL(10000>.

C IRHO2FC1),NRIIO2<1>,lRHO2LC10000>

LSWEEP*1OO

* GSWPvLSWEEP

CR PS-WEEP*2OO

LITtRCPPU2O0
LITER(Vl)u2

U4TER(W1 )mS

C LIThUM-22

C--- GROUP 28 TERMINATION CRITERIA

C ENVIT( 1-aS)(9M1 E-0 iSoi K.E-10'

C--- GROUP 29 RELAXATION

C RLXP< I .RWXXY-tI .)RLX Pct >RLXMO< I >~, LXHDT< I>



C DTFALS(3-25)<23Xl.ElO>

DTFALS(Wl)1l.E-5

DTFALS(Vl)Il.E-4

RLXP= .2

C ------------- --------------------------------------------

*C-- GROUP 30 LIMITS

C VELMAX<1 .ElO>,VELMIN<-'1 .ElO>,RHOMAX<1 .ElO>,RHOMIN<1 .E-1O>,

C TKEMAX<1 .ElO>,TKEMIN<1 .E-1O>,EMUMAX<1 .ElO>,EMUMIN<1 .E-10>,

C EPSMAX(1 .ElO>,EPSMIN<1 .E-1O>,AMDTMX<1 .ElO>,AIIDTMN<-1 .E1O>

C C------- w-------------------------------------------------

C --- GROUP 31 SLOWING DEVICES : SLORHO<1 . >SLOEMU<1.>

SLORHO=.5

C ---------------------------------------------------------

C--- GROUP 32 PRINT-OUT OF VARIABLES

C PRINT(1-25)<.T.,.F.,233C.T.>,SUBWGR<.F.>

PKINT(C )=.TRUE.

PRINT(C2)=.TRUE.

PRINT(PP)=.TRtJE.

C ---------------------------------------------------------

C -- GROUP 33 MONITOR PRINT-OUT

3C IXMON<1>,IYMON<1>,.IZIION<1>,NPRNON<1>,NPRMNT<1>

NPRMON=5

IYMON=2

IZMON=5

C ---------------------------------------------------------

C --- GROUP'34 FIELD PRINT-OUT CONTROL

C NPRINT<100>,NTPRIN<100>,NXPRIN<1>,NYPRIN<1>oNZPRIN<I>,

C IZPRF<1>,ISTPRF<1>,IZPRL<i0000>,ISTPRL(IO000>

C NUMCLS<10>,KOUTPT

NPRINT=LS WEEP

NUMCLS=5

C --- GROUP 35 TABLE CONTROL
C TABLES<.F.>,NTABLE,NTABVR,-LINTAB,NPRTAB,NMON,

'ac ITAB(1-8),MTABVR(I-8)
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C --------- 1-1 ---- --- ---- ---- ---- i--

C GROUP 36-38 ARE NOT DOCUMENTED IN THE INSTRUCTION

C MANUAL AND ARE INTENDED FOR MAINTENANCE PURPOSES ONLY

C--- GROUP 36 DEBUG PRINT-OUT SLAB AND TIME-STEP

C IZPRI<1>,IZPR2<1>,ISTPR1<1>,ISTPR2<1>

C ----------------------------------------------------- ---

C--- GROUP 37 DEBUG SWEEP AND SUBROUTINES i

C KEMU,KMAN,KINDEX,KGEON,KINPUT,ICSODAT,KCONPFKSORCE,,

C KSOLV1,,SOLV2oXSOLV3,KCOMPP,CADJSTKFLUX,KSHIFT,KDIF,

C KCOMPU, KCOMPV,KCOMPW,,'CCOMPR, KWALL, KDBRHO<-1 >,KDBEXP ,KDBMDT

C KDBGEN

C --- GROUP 38 MONITOR,TEST,AND FLAG a

C tONITR<.F.>,FLAG<.F.>,TEST<.T.>,KFLAG<I>

C END OF MAINTENANCE-ONLY SECTION

C ------------------- --------------- ------------------

C--- GROUP 39 ERROR AND RESIDUAL PRINT-OUT ,

C IERRP<1000>;RESREF(1,3-24)<25X1.>,RESMAP<.F. >,

C RESID(1-25)<aX.F.,23*.T.>,KaUTPT

RESREF( 1 )xWINMRHE

RESREF(7)aWINNRESREF(l)

RESREF(S)aWINMRESREF( 1 )x0.1

RESREF(HR1 )mHTOTxRESREF( 1)

RESREF(KE)mRKCIN*RESREF( 1)

RESREF(EP)cEPINMRESREF(1)

IERPmLSWEEP' 10

KOUTPT=LSWEEPi'10

C--- GROUP 40 SPECIAL DATA a LOGIC(1..10)*INTGR(I..!O),RE(21..30),

C NLSP<I>,NISP<I>,NRSP<I>,SPDATA<.P.>,LSPDA(1),ISPDA(!),PSPDA(1)

C USE FIRST 10 ELEMENTS OF ARRAYS LOGIC & INTGR AND 21ST

C TO 30TH OF ARRAY RE FOR TRANSFERRING SPECIAL DATA FROM

C SATELLITE TO GROUND, BUT IF REQUIREMENTS EXCEED THIS

C PROVISION SET SPDATA c .T., AND DIMENSION ARRAYS LS4.,

C ISPDAo RSPDA ABOVE AND IN GROUND AS NE ZED, AND SET HERE
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C ------------- ------------------

C--- GROUP 42 RESTARTS AND DUMPS i SAVEM<.F.>,RESTRT<.F.>pKINPUT

SAVEN * TRUE.

BFPLOT=.TRUE.

C RESTRT=.TRUE.

C ---------------------------------------------------------

Caaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

C--GROUP.43 GRAFFIC

C GRAPHS.F. >,ORTHOG< .T. >,ANTSYM,NPRT<1>,ITT<*H**

C --- FOR A GRAFFIC RUN, DIM5ENSION PHIJ & PHI2 AS FOLLOWS:

C PHIl (NXXNY*NZ*NM)

C PHI2C(NX+2)*(NY+2)*(NZ+2)*CNK+IBLK)) , WHERE

C NM=NO. OF VARIABLES STORED +. DENSITYC-IES)
C IBLK=0 IF BLOCK=.FALSE.p=4 IF A 3D RUN#

C =3 IF A .2D.YZ RUN.

C------------------- --------------- ------------------

IF(IRUN.EQ.1) GO TO 900

A 900 CONT'INUE

C--- ALL RUNS

CXXXXXXXXXXXXXXXXXXXXXXXXXX)O=USER SECTION 3 ENDS,

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXSTANDARD SECTION 4 STARTS.

C U-------- f- ---------------- w--------------------------..a a a

C WRITE GENERAL DATA ON TO THE GUSIEI.DTA TAPEs, ETC ...

IFCSPDATA) CALL WRTSPC(LSPDANLSP,ISPI)ANISPRSPDA.NRSP)

IF(BLOCK) CALL WRTPOR(PE,PNPH,P,Nogd{YNZIPLANE)

IF(BFC) CALL WRTBFC(14,NBFCPXEXW,YN.YSZM.ZL,

&NDPNX+1,KY+1,NZ*1,NZ.PRTBFC)

C OLD PRACTICES RETAINED FOR REFERENCEs

C IP(SPDATA) CALL SPCDAT(IRtUN)

c IF(BLOCK) CALL PORDATCIRUN)

XF(GRAPItS) CALL SORT(IRUN)

IFCRESTRT) 60 TO 902

DO 901 INDVAR=1,25

IF(IFIXfFIfl4ITCINDVAR)+O.1).NE.1O1O1) GO TO 901

CALL FLDDAT(CIRUN)
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60 TO 902

901 CONTINUE

902 CALL DATAIO(WRTA1O)

IF(MONITR) CALL DATAIO(WRT,-6)

999 CONTINUE

STOP

END

CX*M IGEN=I SO BFCXYZ NOT REQUIRED.

CXM* COMMENT OUT BOTH VERSIONS.

C •------------------------------------------------------------

SUBROUTINE BFCXYZ (NXPI ,NYP1 ,NZP1)

RETURN

END
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APPNDIX
GROUND PROGRAM OF PHOENICS FOR LAMINAR FLOW ANALYSIS

C$DIRECTIVEX*MAIN

C GROUND PROGRAM OF PHOENICS USED IN LAMINAR FLOW ANALYSIS

C NZ=22 NY=25 LAMINAR FLOW

C *FILE NAME: MODBFCGD.FTN

C *INCLUDE DED SUBROUTINESs THE NODELS OF MAIN, GROUND & STRIDE.

C NDOCUMENTATIONt PHOENICS INSTRUCTION MANUAL (SPRING 1983)

C WITH BODY-FITTED COORDINATES INSTRUCTION SUPPLEMENT

C (SUMMER 1984).

C *SATELLITE FILE NAME. MODSTL. FTN

COMMON/ISHIFT/III (57),NFMAX

C SET F-ARRAY DIMENSION AS NEEDED. & SET NFWAX ACCORDINGLY.

C FOR BFC'S ALSO SET Fl-ARRAY DIMENSION AS NEEDFD ,AND SET

C NF1MAX ACCORDINGLY.

COMMON4'FOB/F1 (10000)

COMMONINFOB/NFIMAX

COMMON F(25000)

NFMAXm250O0

NF1MAXIO000

',, CALL HAIN1

STOP

END

C$DIRECTIVENNGROUND

SUBROUTINE GROUND(UN, ICHAP,ISTPISWP,XIZEDNIDVAR)

INCLUDE (CKNGUS)

"INCLUDE (GUSSEQ)

C INCLUDE NMLIST

LOGICAL BFC

EQUIVALENCE (LOGICC(20).BFC)

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX STANDARD SECTION 1 STARTSs

C C------------------------------------------------------
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C÷+4-+MEANING OF SUBROUTINE ARGUMFNTSs

C IRN=RUN NUMBER; ICHAP=CHAVTER CALLED; ISTP--TIME STEP;

C ISWP=SOLUTION SWEEP; IZF)-Z-SLAB; INDVARs SEE CHAPTERS BELOW.

C÷÷.++USER-INTRODUCED VARIMLES & ARRAYSs

C TO AVOID CONFLICT WITH VARIABLE NAMES USED IN COMMON, ALL

C VARIABLES INTRODUCEDi BY THE USER SHOULD HAVE NAMES STARTING
C WITH '10 IF REAL, VJ, IF INTEGER, AND '0' OR 'J' IF LOGICAL.

C THUS GDZ(IZ) MIGHT BE A Z-INTERVAL ARRAY;

C aWl (IYIX) A 2-D ARRAY FOR AXIAL VELOCITY; ETC.

C USER-GENERATED SUBROUTINES SHOULD BE NAMED CORRESPONDINGLY,EG

C SUBROUTINE GVISCCGTEMPGCNCGVSC)v FOR COMPUTING VISCOSITY

C FROM CONCENTRATION & IVIPERATURE.

C++-•+GROUND-TO-EARTH CONNECTING SUBROUTINESt

C MUSE GET(NAMEGARRAYNYNX) TO PUT VALUES OF VARIABLE NAMED

C 'NAME' INTO ARRAY 'GARRAY' DIMENSIONED GARRAY(NYNX).

C MUSE SET(NAMEI.XFIX~LIYFIYL.GARRAYNYNX) TO SET VARIABLE

C 'NAME' TO GARRAY(IYIX) OVER THE REGIONi IXF-IXL & IYF-IYL.

C MUSE PRNSLB(NAME) TO PRINT VARIABLE 'NME OVER X-Y PLANE.

C MUSE ADDCNAME.IXFoIXLIYF,IYLTYPECMVMCVARVVAR',NYNX)

C TO ADD SOURCE TO VARIABLE NAMED 'NAME' (SEE CHAPTER 5).

C MUSE READIZ(IZED) IN CHAPTERS 1t 2, 8, G 9 TO ACCESS Pi,...D D

C & VOL,...AHDZ. (SEE FOOTNOTE TO LEGALITY TABLE)

C MUSE GET1D(NAMEtGARRAYNDIM) TO PUT VARIABLE NAMED 'AME IN'

C ONE-D ARRAY 'GARRAY, DIMENSIONED NDIM, THUS.

C CALL GETT1D(NAMENXoNX) FOR XG,...DXG & DIMENSION GNX(NX);

C CALL GETID(NAMEGNY,NY) FOR YO....RV & DIMENSION GNYCNY) I

C CALL GETID(NAMEGNZNZ) FOR ZG,... WGRID & DIMENSION GNZ(NZ).

C+4+ULEGALITY TABLE FOR USE OF EARTH-CONNECTING SUBROUTINES.

C ENTRIES IN TABLE GIVE CHAPTERS IN WHICH SUBROUTINES CAN BE

C USED FOR VARIABLES IN LEFT-HAND COLUMN. (SUBROUTINE

C STRIDE IS REGARDED AS BEING IN CHAPTER 3)

C C ------------------------------------ ----------------
C s VARIABLEaa GET & I SET s ADD i READIZ t GETID s

C I s, PRNSLB s , ,
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C sP1 - RZ it ALL 1 6 & 7 5 1,2,8,9s NONE:

C tP10 - RZHss3-7, 10-16s 3 1NONE iNONE t NONE

C tVOL -AHDZs: ALL s 3 NONE : 1,2,8,9s NONE

C tDIDP is NONE 10 1NONE NONE i NONE:

C ,D2DP it NONE # 11 1NONE NONE i NONE:

C aMU1,NU1H it 5,13-16 s 12 1 NONE i NONE a NONE t

C sEXCO(L,H)tt NONE 1 13 1 NONE a NONE i NONE t

C tCFP is 5 a 14 1NONE sNONE i NONEa

C sMDT It 5 1 1"5 NONE NONE a NONEt

C sHST1lHST2ts 5 & 15 1 16 1 NONE a NONE s NONE i

C sXG -WORIDis NONE i NONE i NONE t NONE i ALL

C NOTES ON ABOVE TABLEs

C *IN CHAPTERS lo 2, 8, & 9 VARIABLES PI...DM & GEOMETRY

C VOL...AHDZ CAN BE ACCESSED BUT ONLY IN CONJUNCTION WITH

C USE OF READIZ, THUSa
C DO I IZE)=I ,NZ

C CALL T I YRIZ(OZEN)

C I CALL OAn(... AS REQUIREED..)

C cEoMY ACCESSED BY .IZ IS THAT AT INITL TIME.
C XD1DP & D21)P ONLY ACCESSIBLE IN UNSTEA•DY FLOWS.

C÷+4++OROUND SERVICE SUBROUTINESt

C MUSE CONTUR(NAITLE AN NNT,IPLANILOCTONINT,,2,J!',J2GARYNDIN) FORA
C LINE-PRINTER PLOTS OF CONTOURS. 'NAMtE' Ul U1... C4s

C lIPLANE's XPLA4Ej, YPLANE, OR ZPLANE; ILOC SETS IX, ZY, OR

C IZ LOCA.TION OF IPLANEiI I1, 2s J1, & J2 SET FIRST & LAST

C CELLS IN HORIZ. & VERT. ON PLOT; GARRAY IS 1-O WORKING ARRAY

C OF DIMENSION NX GARRAYXN.NY.NZO IN P DICTATED BY IPLAN
C NDIM SETS VALUE OF DIMENSION OF GARRAY.

C *USE FLDZOA(TITLE, GRR.AY,NY,NX) TO PRINT AMY AMRY DIMENSIONED-

C GARRAY(NY,NX),- SET 'TITLE' TO REQUIRED NAME (4 HOLLERITH

C CIULRACTERS ONLY).

C %USE FLD3DA(TITLE,GARRAY,NX,NYNZ, IPLANEoILOC) TO PRINT ANY

C ARRAY DIMENSIONED GARRAY(NX,NY,NZ) IN PLANE SPECIFIED BY

C 'IPLANE' & 'ILOC' AS FOR CONTUR ABOVE; SET 'TITLE' AS FOR
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C FLD2DA.

C VARIABLE NAMlES FOR USE IN GROUND.

CONNON/TYPE/CELLs,EASTj,WEST,-NORTH, SOUTH,,HIGH, LOW,,VOLUNE,WALL

COHNON/VAR/P1 ,PPU1 U2,V1 ,V2,W1 W2,R1 ,R2,RS,

4.12,EPH1 ,H2oH3,C1,C2,C3sC4,RX,RYRZ,S1 ,S2

CONNON/VAROLD)/PlO,P1?OUIO,U2OVlO,VZOWlOW20,R1O,R20,RSO,

&KEO,EPOHIJO,H2OH30, ClO, C2OC30, C40,RXORYO,RZO,S1 O,S20

COKHON/VARLOW/PlL,PPL,UIL,,U2L,VlL,V2L,WIL,W2L,R1L,R2L,RSLI

KE LPEPLH1L,H2LH3LClLC2LC3L,C4L,RXLRYL,RZL,SlL,S2L

COMMON/VA1UII/PlH,PPHU1HU2H,VIH,V2H,,WIH,W2H,,R1H,R2H,RSH,

8 =ELEPHHIHH2HH3HCIHC2)IC3HC4HoRXII,RYHRZHSlHS2H

CONNON/GNMhY/VOL, VOLO ,AEAST,ANORTHAHIGH,,AEDX, MNDYoAHDZ

COMI.NK.tPROP/D1 ,DaDlDPDaDPMUI*U1 NLAMEXCO,CFP,MDT,HST1 ,11T2

COMMON/PRPOLDIDI 0,D2O

COMNON/PRPLOW/oD1 LD2L, EXCOL

COMHON/-PRPHI/DIH, D2HD KUJ , EXCOH

COMMONs'*VARNXVXGXU, DXU, DXG

COMMION/VARNY/YGWPDYV, DYGR,RRV

COZOIONf-VARNZ'ZGZW1IoDZWD DZG .WGRID

CONMl0?VGDNSCIXPLANEYPLANE, ZPLANE.ITNO

COZINOtGDMSCL/LSLAB, NSLAB, USIABLANKU

REAL NORTHLLOW

INTEGER P1 ,PP,U1 ,U2.V1 .V2.Wl W2,R1,R2,RS,

iEP,H1 ,H2*H3,C1 .C2,CS.C4,R9(,RY.RZ.Sl ,Sa

INTEGER P1O.PPOUIOUO,U~,VIO'V2OoW1OpWaORloRZOpRS~o

&EPO,HIOH2O,H3OC1O.C2OC30.C4OARXO.RYO.RZO.S1O.S20

INTEGER PILoPPL.U1L.U2LV1L.V2LW1L,WZL,RIL.RZL.RSL,'

&EPL.N1L*HZLI3L.ClLtCaLC3LC4LRXLoRYLRZLoSILPS2L

INTEGER PIHPPPHIUU~.U2HVIH.V2HPWIHW2HR1HR2URSH,

&EPHHlHIfAflH3HIlHC1H.CNC3H.C4LRXH,RYHLRZSH.SgliSH

INTEGER VOL. VOLOAP.AST. ANORTH. AMIGI, AEDXANDYIPAHDZ

* INTEER DIPD1DPDZD2DPEXCOCPP,MtSTIHSTZ

INTEGER D1O,O2O.DlL,D2L.EXCOL.D1M.D2H.EXCOH

INTEGER XG.XU.DXUDXGYGPY,WDWDYGRLRV,ZG.ZW1 .DZW,

.&DZGWGRin



INTEGER XPLANE, YPLANE, ZPLANE

LOGICAL LSLAB, NSLABvH SLABLAMMU, LSPDA

EQUIVALENCE CMI R1 ),(M2,R2)

C SATLIT-EQUIVALENT IRUNt

:1 EQUIVALENCE (IRUN,INTGR(11))

CXXXXXXXXXWOOX0X0CXX1OCXXXXXX XXX1O STANDARD SECTION 1 ENDS.

CXXXXXXXXXXXXXXXXXnXXXXXXXXXXXXXXXXXXuuu USER SECTION 1 STARTSt

C ARRAYS ( DIMENSIONED NY,NX ) FOR USE WITH 'ADD'#

DIMENSION CVAR(l,1),WVAR(l,1),C?'1,1),oVMC1,1l),ZERO(l,1)

DIMENSION GPC3O,1),GH(30,1),GD(30,1),GV(30,1).GW(30,11)

1 ,GMACH(301l),GTEMP(30,1),GVISC(30,1)

C SPECIAL-DATA ARRAYS DIMENSIONED & DIMENSION VALUES SET HEREs

DIMENSION LSPDAC ) ,ISPDA( 1) RSPDA(1)

C USER PLACES HIS VARIABLES,, ARRAYS, EQUIVALENCES ETC. HERE.

EQUIVALENCE CRAIR,REC(21 )). (GA REC22)).CGSWP.RE(23))

DATA NLSP,RISP,NRSPo 1,1,1/

DATA CVARWVARPCM*VM*ZERO/*5(0 .0/

C USER PLACES HIS DATA STATEMENTS HERE.

CXXXXXXXXXXXXX4LUXX) USER SECTION I ENDS.

CXXXXXXXXXXXXXXXXXXXXXXXXXXXX)MSTANDARD SECTION 2 STARTS&

NC PLEASE DO NOT ALTER, OR RE-SET. ANY OF THE REMAINING

C STATEMENTS OF TNIS' SECTION.

DATA NUNCH4 1 0

IF( SPDATA)

&CALL RDSPCC(IRN.INTGRCIZ),LSPDANLSP*ISPDA.NZSPPRSPDA.NRSP)

CALL GRDUTY(IRNsICHAPsIZED*INDVAR)

XFCBFC) CALL BFCGRD(IRNICKAPZSWPIZEDINDVAR)

IrCICHAP.EQ.-5) GO TO 10

IF(ICHAP.LE.O.OR.ICIIAP.GT.16) RETURN

GO TO C100,200,300,4999,500,600,700.800,900,1000*1100.1200,

&1300, 1400, 15000 600),XCMAP

RETURN

4999 NUHCU4m NUMCH4 + I

If (KOD(NUMGH4,2).EQ.l) 6O TO 400

RETURN
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X STANDARD SECTION 2 ENDS.

CXOXOOOOOXXXXXXXXXXWQQOOOCX USER SECTION 2 STARTS :

C -------------------------------------------------------

C CHAPTER O: MODIFY SATLIT DATAP AT START OF EACH IRN.

C ------------------ e - - - -------- • •-----

10 CONTINUE

C IF(.NOT.NANLST) RETURN

C IF(IRN.EQ.NRUN) DATFIL=.FALSE.

C--- READ SATLIT DATA NAMELIST HERE

C CALL WRIT40(4OHENTER NAMELIST DATA FOR GROUPS 1 TO 24 )

C READ(20,01624)

C CALL WRIT40(4OHENTER NANELIST DATA FOR GROUPS 25 TO 42 )

C READ(20,625642)

RETURN

C --------------------------------------------- w----------------

C CHAPTER 1 CALLED AT THE START OF EACH TIME STEP.

C SET TDT' HERE WHEN TLAST SET NEGATIVE IN BLOCK DATA.

C rATINE + DTT GIVES THE END TIME OF THE CURRENT TIME STEP.

C NOT ACCESSED IF STEADYOR PARABOLIC.
C -------

100 CONTINUE

RETURN

C CHAPTER is CALLED AT THE START OF EACH SWEEP.
C - - - ------ ---------

a00 CONTINUE

RETURN
C- -e -----nnn-----nn -------------- ------

C CHAPTER 3s CALLED AT THE START OF EACH SLAB U

C NOT ACCESSED IF PARABOLIC, BUT 'STRIDE' IS.
C ----------------- *------

300 CONTINUE

RETURN
C ---- a----aaa---------a--a---a------ -----------

C CHAPTER 4s CALLED AT THE START OF EACH RE-CALCULATION OF
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C VARIABLES P1 ,...C4 AT CURRENT SLAB. ITNO= ITERATION NUMBER.
C -- - - -- - - - ----------------------------------------------•

400. CONTINUE

RETURN

C

C CHAPTER 5 GROUND CALLED WHEN SOURCE TERM IS COMPUTED.

C INDVAR GIVES DEPENDENT VARIABLE IN QUESTION IE. Ul,. .. C4.

C TO ADD SOURCE TO DEPENDENT VARIABLE Cl (SAY) FOR IX=IXF, IXL

C AND IY=IYF, IYL INSERT STATEMENTs

C IF(INDVARoEQ.C1)

C &CALL ADD (INDVAR, IXFP IXL, IYF, IYL, TYPE, CM,VM, CVARVVAR, NY., NX)

C NOTES ON vADD'.

C *SOURCE= (CVAR(IYIX)+AMAX(O.0,,MASFLO))*(WAR(IY, IX)-PHI),

C WHERE TPHIT IS IN-CELL VALUE OF VARIABLE IN QUESTION.

C X RASFLOi= C((IY,FIX)OD(VF(IY,FIX)-P),2

C WHERE PPI IS THE IN-CELL PRESSURE.

hC FOR INDVAR= Ml, OR =LE, SOURCE ADDED IS &HASWLO E ONLY#
C EXCEPT FOR ONEPHSm.F. & MASFLO < 0.0 (IE. OUTF'LOW) WHE

C CM(IYPIX) IS MULTIPLIED BY R1ND1 (FOR M1) & I2XD2 (FOR M2).

C *BOTH 'CVAR'? 'CM' ARE VUTLUPLIED BY CELL-NEONE Y QUANTITY
C DICTATED BY SETTING OF 'TYPE' (OCELLo, EA.nST AREAP. ,VOLUME).

C 11TYPE-SPECIFIED ARMA ARE CALCULATED AS IF BLOCKG ABSENT,,

c, .Br 'VOLUME' WITH ACCOUNT FOR ITS PRESENCE,

0 *FOR ALL SOLVED VARIABLES, INCLUDE DING MI ( M2 WtEN.ONE:PHSzF)s,

c IF 'CHI> 0.0 CALL 'ADD'; FOR• M1 &G 2 ALTHOUGH ICVARt & IVVARI

C HAVE NO SIGNIFICANCE T11Y MUST BE ENTERED AS ARGUM.ENTS.

C **CVARt, tWARI, 1C~f & tV~t MUST BE DIMENSIONED NY,NX.

500 CONTINUE

RETURN

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa- --------

C CHAPTER 61 CALLED AT THE END OF EACH VARIABLE-RECALCULATION

C CYCLE COMMENCED AT CHAPTER 4. ITNO c ITERATION NUMBER.
C --------------------------- ----- ee e ee ne n ------------ -

600 CONTINUE
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RETURN

C CHAPTER 7s CALLED AT END OF EACH SLAB-WISE CALCULATION.

C----------------- - - - - - -

700 CONTINUE

Ir(pLOAT(ISWp).LT.GSqp) RETURN

CALL GET(P1 ,GP,NY,NX)

CALL GET(HI ,GH,NY, NX)

CALL GET(D1 ,GDNY,NX)

CALL GET(V1 ,GV;NY,NX)

CALL GET(W1 ,GW,NY, NX)

GCP=RAIR/(l .- 1/GANA)

DO 701 I-',NY

GSON-SQRT(GAMA*GP(Ip 1 )/GD(, 1 ))

GAV=SQRT(GV(I,1 )XN2+GW(I,1 )MZ)

GONACH (l,1 )=GAV/GSON

C 701 GTENP(,1 )=GP(I,1)/GD(I,1)/RAIR

701 GTEMP(I,1)=(GH(C,1)-GW(I,1)*U22.-uV(, 1)Na2i2.)/GCP

.CALL SET(C11sNXotNYGMACHNYNX)

CALL SET(CL,1 NXANY,,TENPoNYNX)

RETURN

*- --- -- - - - - - - - - - - - - - - - - -

C CHAPTER 81 CALLED AT THE END OF EACH SWEEP;

C NOT ACCESSED IF PARABOLIC.

800 CONTINUE

* RETURN

C CHAPTER 9, CALLED AT THE END OF EACH TIME STEP;

C NOT ACCESSED IF PARABOLIC.

900 CONTINUE

RETURN
C- - -- - - -- -- - -- -- ----------eee-----eea--------

C CHAPTER 10i SET PHASE I DENSITY HERE W1hEN IRO Olz1 IN DATA.
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C SET CtJRRENT-Z 'SLAB' DENSITY, DI,. IF MSLAB=.T.-

C ES. IF(NSLAB) CALL SEM~fI, ,NXo I,NY, SDI NY,NX).

C SET NEXT LARIUER-Z 'SLAB' DENSITY, D:OH,- IF FHSLAB=.T. & PARAB=F

C ES. IF(HSLAS) CALL SET(DlH,1,NJX,1,KY,UDlHpNY,NX).

C SET D(LN(Dl))/DP CIE. DIDP) FOR UNSTEADYi FLOW,

C ES. IF(NSLAB) CALL SET(DIDP,lNX,1,NYGDlDPoNY,NX).

C- - ------- -----------------nl e eef b ---- el

1000 CONTINUE

4IF (MSLAB) 60TO 101

"JpImpl

JDlmDlH

JR0I

12CALL GET(JPl.ON,NY*NK)

CALL GZT(JW1,GH,NYd4X.)ICALL GET(3V1 oVWNYoNX)

DO 103 IX1ONX

" 10 DO 103 1Y=1,NY

103 NGD(MIXl)a OPUMM~X/(i'i1'AMA)iGHS.

CALL SST(JDI.l1X4l-Y,0l.-.NX)

---- ----- ------------- -------------------------

c CHAPTER I1I' SET PHASE Z DiENSITY H~ERE WHON IRH02.w-1 IN DATA.

C SET CUWMMET-Z I SLAB I DENSITY, D2, IF NS-LABm.T.,

KaC E43. IM(I~SM)B CALL SET(DZld4X,I,NY.GD2,NY*NX),

c SET MEXT LARGER-C 'SLAB' DENSITY. DZH, If USLAB=.T. QPARABu4'
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C EG. !TF(ISLAB) CALL SZT(D21I, I NXpl1 NYpGD2HNYxNX).

C SET fl(LN(D2,'))/DP FOR UNSTEADY FLOW.,

C EG. IF(MSLAB) CALL SET(D2DP,1,NX,1NY,GDaDP,NYd4ýX).

C------------- -smi ---- www-----

1100 CONTINUE

RETURN

C CHAPTER 121 SET PHASE 1 VISCOSITY HERE WHEN IEZUl=-1 IN DATA.

c SiM CURREN-Z 'SLAB' VISCOSITY (MUI), IF NSLAB=.T.,,

C EG, leý(flSLAB) CALL SET(NU1,1,NC,1,NY,-GVISCNYNX).

c SET I=X IARGER-Z ISUAB' VISC. (MUIH)p IF IISLAB=.T. & ARA~aF

C EG.. IFCHSLAB) CALL SET(NU1H,14,1NX* ,Q~sVSCHNYNX).

C

C CHAPTER ALSO ACCESSED WHEN SMULA A-1 .0 IN DATA* SO THAT TH1E

C LAMINAR VISCOSITY WHICH APPEARS fIN WALL FUNCTIONS & IN THE

C KE-EP TURBULENCE MODEL CIEt4UI=2) MAY BE--SET NON-CONSTANT.

C SET CURRENT-Z TSLA VALUE (MIJILAN) WIMN LANMUA.T.D

EQ£. IP(LAMhIU) GALL STUMUl LAKA NXf I Ny.fGVSCLvNY#NXL)

1200 CONTINUE

IF ("ISLAB) CALL GZT(U1,GHt,iYNX)

IF (HSLAB) CALL GZT(H1lHGRNlVNX)

IF CNSLAB) CALL GETC1(`WloNY'NX)

IF CIISLAB) CALL "TWiH*(GW*NYN.)

IF (NSLAB) C"L GETCV1.OGV#NY#NX)

*I hJI CSfAR) CALL GECV1LGVoNYHX)

* DO 121 IX&1,NX

00 121 IYmlvNY

GTMPh(GflIYIX)-GWIYIX)M*2,z 4 -GV!YIX)wxa/2. ).GCP

*121 GVISC(IY,XX)ml .7165E-OSK(GTHP/273. )*K0.66.6

IF' CKSLAS) CALL SiET(HUl,1.KolNXY.GVISC.KY.NX)

IF (HSLAB) CALL SETMlU1MF1oX*1*M4WJISC.MYNX)



IF (LAMNU) CALL SET(MU1LAM,1,NX,1,NY,GVISC,NY,NX)

RETURN

C CHAPTER 13: SET EXCHANGE COEFFICIENT (E. C.) FOR VARIABLE

C INDVAR WHEN SIGMA(INDVAR)=-1.0 IN DATA.

C SET CURRENT-Z 'SLAB' E.C. (EXCO) IF MSLAB=.T.,

C EG. IF(MSLAB) CALL SET(EXCO,1,NX,1,NY,GEXCO,NY,NX).

C SET NEXT SMALLER-Z 'SLAB'.E.C. (EXCOL) IF LSLAB=.T.,

C EG. IF(LSLAB) CALL SET(EXCOL,1,NX,1,NY,GEXCOL,NY,NX).

C SET NEXT LARGER-Z 'SLAB' E.C. (EXCOH) IF HSLAB=.T.,

C EG. IF(HSLAB). CALL SET(EXCOHlNX,1,NYGEXCOHNY,NX).

C NOTE: FOR MSLAB, INDVAR=Ul,..C4; FOR LSLAB, INDVAR=UlL,..C4L

C & FOR HSLAB, INDVAR=UlH,..C4H. IF PARAB=.T. SET MSLAB ONLY.

C-------------------------------------------------------------

1300 CONTINUE

RETURN

C-------------------------------- ;--------------------------------

C CHAPTER 141 SET INTER-PHASE FRICTION COEFFICIENT (CFP) HERE

C WHEN ICFIP = -1 IN DATA; ITS UNITS = FORCE / (CELL X RELATIVE

C SPEED OF PHASES).

C-------------------------------------------------------------

1400 CONTINUE

RETURN

C-------------------------------------------------------------

C CHAPTER 151 SET INTR-•I(ASE MASS-TRANSFER RATE PER CELL (MDT)

C HERE WHEN IMDOT = -1 IN DATA.

C -------------------------------------------------------------

1500 CONTINUE

RETURN

C-------------------------------------------------------------

C CHAPTER 16: SET HERE PHASE 1 & 2 SATURATION ENTHALPIES

C ( HST1 & HST2) WHEN IHSAT = -1 IN DATA.

C

1600 CONTINUE

RETURN
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gin ~APPXNDTIX

INPUT FILE FOR PROGRAM CALCULATING LAMINAR FLOW QUANTITIES

H(IZ) W(IZ) RO(IZ) P(IZ) V(IZ)

5.518E+05 7.003E+02 2.303 1.424E+05 4.885E+05

5.071E+05 5.741E+02 2.313 1.432E+05 4.044E+01

4.711E+05 4.617E+02 2.310 1.430E+05 3.256E+01

4.318E+05 3.128E+02 2.293 1.416E+05 2.206E+01

4.116E+05 2.181E+02 2.294 1.416E+05 1.536E+01

4.039E+05 1.725E+02 2.300 1.421E+05 1.210E+01

4.016E+05 1.564E+02 2.303 1.424E+05 1.094E+01

4.010E+05 1.519E+02 2.302 1.423E+05 1.060E+01

4.006E+05 1.510E+02 2.300 1.422E+05 1.053E+01
4.554E+05 3.734E+02 2.295 1.417E+05 2.540E+01

4.294E+05 2.878E+02 2.297 1.419E+05 2.032E+01

4.225E+05 2.643E+02 2.292 .1.415E+05 1.870E+01

4.168E+05 2.470E+02 2.282 1.407E+05 1.742E+01

4.769E+05 4.863E+02 2.242 1.374E+05 3.130E+01

4.646E+05 4.447E+02 1.827 1.042E+05 1.723E+00
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APPENDIX 4

LAMINAR OUTPUT FLOW FIELD

DATA TAKEN FROM DEFAULT.DTA ON GROUP A/C

FILE MODSTL.FTN IS THE SATLIT USED.

BODY-FITTED-COORDINATE OPTION ACTIVE

Fl ARRAY IS DIMENSIONED TO = 5000

MINIMUM ALLOWABLE.DIMENSION FOR Fl = 1318

THIS VERSION OF PHOENICS MUST BE USED

IN ACCORDANCE WITH THE SPRING 1983 PHOENICS

INSTRUCTION MANUAL

(PHOENICS LAST AMENDED ON 04/12/84)

W-N-N- PHOENICS USER CODE MARK 1, ISSUED BY CHAM (U.K.) LTD. -N--

N-N-N- ON 09.10.81 COPYRIGHT, CHAN LTD. RIGHTS RESTRICTED -N-X-N

BODY-FITTED-COORDINATE OPTION ACTIVE

Fl ARRAY IS DIMENSIONED TO = 10000

MINIMUM ALLOWABLE DIMENSION FOR Fl = 2700

N-N-N- PHOENICS USER CODE MARK 1, ISSUED BY CHAM (U.K.) LTD. -N-N-N

N-N-N- ON 09.10.81 COPYRIGHT, CHAM LTD. RIGHTS RESTRICTED -N-N-N

FLOW FIELD AT, ISWEEP= 100, ISTEP= I

FIELD VALUES OF M

IY=25 3.200E+00 3.200E+00 3.200E+O0 3.200E+00 3.200E+00

IY=24 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+O0

IY=23 3.200E+00 3.200E+O0 3.200E+00 3.200E+00 3.200E+00

IY=22 3.200E+O0 3.200E+00 3.200E+O0 3.200E+00 3.200E+00

IY-21 3.200E+00 3.200,+00 3.200E+00 3.200E+00 3.200E+00

IY=20 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00
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IY=19 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=18 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=17 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=16 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=15 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.199E+00

IY=14 3.200E+00 3.200E+00 .3.200E+00 3.200E+00 3.199E+00

IY=13 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.199E+00

IYi12 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.199E+00

IY=12 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.199E+00

I=Y10 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.199E+00

IY= 9 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.198E+00

IY= 8 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.198E+00

IY= 7 3.200E+00 3.200E+00 3.200E+00 3.199E+00 3.195E+00

IY= 6 3.200E+00 3.200E+00 3.200E+00 3.198E+00 3.185E+00

Iy= 5 3.200E+00 3.200E+00 3.200E+00 3.196E+00 3.157E+00

IY= 4 3.200E+00 3.200E+00 3.200E+00 3.195E+00 3.135E+00

1Y= 3 3.200E+90 3.200E+00 3.200E+00 3.195E+00 3.119E+00

IY= 2 3.200E+00 3.200E+00 3.200E+00 3.195E+00 3.110E+00

Iym 1 3.200E+00 3.200E+00 3.200E+00 3.195E+00 3.108E+00

SIZ= 1 2 3 4 5
IY=25 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00
IY=24 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=23 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=22 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=21 3.200E+00 3.200E+00 3.200E+00 3.199E+00 3.199E+00

IY=20 3.199E+00 3.199E+00 3.199E+00 3.199E+00 3.199E+00

IY=19 3.199E+00 3.199E+00 3.199E+00 3.199E+00 3.199E-:00

IY=18 3.199E+00 3.199E+00 3.199E+00 3.199E+00 3.198E+00
IY=17 3.199E+00 3.199E+00 3.199E+00 3.1989+00 3.198E+00

IY=16 3.198E+00 3.198E+00 3.198E+00 3.198E+00 3.197E+00

IY=15 3.198E+00 3.198E+00 3.198E+00 3.197E+00 3.195E+00

IY=14 3.197E+00 3.197E+00 3.197E+00 3.196E+00 3.192E+00

IY=13 3.197E+00 3.197E+00 3.196E+00 3.194E+00 3.187E+00

IY=12 3.197E+00 3.196E+00 3.195E+00 3.190E+00 3.178E+00

IY=11 3.196E+00 3.195E+00 3.193E+00 3.183E+00 3.163E+00
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iY=10 3.195E+00 3.194E+00 3.188E+00 3.170E+00 3.139E+00

IY= 9 3.194E+00 3.191E+00 3.178E+00 3.147E+00 3.104E+00

IY= 8 3.191E+00 3.183E+00 3.158E+00 3.109E+00 3.062E+00

1Y= 7 3.181E+00 3.160E+00 3.116E+00 3.058E+00 3.024E+00

IY= 6 3.148E+00 3.099E+00 3.046E+00 3.012E+00 3.005E+00

Iy= 5 3.077E+00 3.027E+00 3.012E+00 3.011E+00 3.009E+00

IY= 4 3.033E+00 3.002E+O0 3.001E+00 3.004E+00 3.003E+00

IY= 3 3.007E+00 2.993E+00 2.995E+00 2.996E+00 2.991E+00

1Y= 2 2.992E+00 2.962E+00 2.931E+00 2.866E+00 2.803E+00

IY= I 2.430E+00 1.991E+00 1.601E+00 1.086E+00 7.575E-01

IZ: 6 7 8 9 10

iY=25 3.200E+00 3.200E+00 3.199E+00 3.199E+00 3.199E+00

iY=24 3.200E+00 3.200E+00 3.199E+00 3.199E+00 3.199E+00

iY=23 3.200E+O0 3.199E+00 3.199E+00 3.199E+00 3.198E+00

IY=22 3.199E+00 3.199E+00 3.199E+00 3.198E+00 3.197E+00

IY=21 3.199E+0O 3.199E+OO 3.198E+0O 3.196E+0O 3.195E+O0

IY=20 3.199E+00 3.198E+00 3.196E+00 3.194E+00 3.192E+00

IY=19 3.198E+00 3.197E+00 3.194E+00 3.190E+00 3.187E+00

1Y=18 3.197E+o0 3.195E+00 3.190E+00 3.185E+OO 3.180E+O0

IY=17 3.196E+00 3.192E+00 3.185E+00 3.176E+00 3.169E+00

IY=16 3.194E+00 3.187E+00 3.176E+00 3.163E+00 3.153E+00

IY=15 3.190E+00 3.179E+00 3.163E+00 3.145E+00 3.132E+00

IY=14 3.183E+00 3.167E+00 3.144E+00 3.121E+00 3.106E+00

IY:13 3.173E+00 3.150E+00 3.120E+00 3.094E+00 3.078E+00

IY=12 3.156E+00 3.125E+00 3.091E+00 3.065E+00 3.052E+00

IY=11 3.132E+00 3.095E+00 3.062E+00 3.041E+00 3.032E+00

IY=10 3.100E+00 3.063E+00 3.036E+00 3.024E+00 3.019E+00

IY= 9 3.063E+00 3.034E+00 3.019E+00 3.013E+00 3.013E+00

IY= 8 3.030E+00 3.015E+00 3.010E+00 3.009E+00 3.010E+00

IY= 7 3.010E+00 3.007E+00 3.007E+00 3.008E+00 3.009E+00

IY= 6 3.005E+00 3.006E+00 3.006E+00 3.007E+00 3.009E+00

IY= 5 3.008E+00 3.007E+00 3.008E+00 3.009E+00 3.011E+00

Iy= 4 3.001E+00 3.001E+00 3.001E+OO 3.002E+00 3.004E+00

IY= 3 2.987E+00 2.983E+00 2.981E+00 2.979E+00 2.980E+00

IY= 2 2.753E+00 2.713E+00 2.678E+00 2.644E+00 2.645E+00
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IY= 1 5.988E-01 5.427E-01 5.271E-01 5.239E-01 1.296E+00

IZ= 11 12 13 14 15

IY=25 3.199E+00 3.199E+00 3.199E+O0 3.199E+00 3.199E+00

IY=24 3.198E+00 3.198E+00 3.198E+00 3.198E+00 3.198E+00

IY=23 3.198E+00 3.198E+00 3.198E+00 3.198E+00 3.198E+00

IY=22 3.196E+00 3.196E+00 3.196E+00 3.196E+00 3.196E+00
IY=21 3.194E+00 3.194E+00 3.194E+00 3.194E+00 3.194E+00
1Y=20 3.190E+00 3.190E+00 3.190E+00 3.190E+00 3.190E+00

IY=20 3.185E+00 3.184E+00 3.184E+00 3.184E+00 3.184E+00

IY=19 3.185E+00 3.184E+00 3.184E+00 3.184E+00 3.184E+00

IY=18 3.176E+00 3.175E+00 3.174E+00 3.174E+00 3.175E+00
¶IY=17 3.163E+00 3,162E+00 3.161E+00 3,160E+00 3.161E+00

IY=16 3.146E+00 3.144E+00 3.142E+00 3.141E+00 3.143E+00

IY=15 3.123E+00 3.120E+00 3.118E+00 3.117E+00 3.119E+00

IY=14 3.096E+00 3.093E+00 3.091E+00 3.090E+00 3.093E+00

IY=13 3.068E+00 3.066E+00 3.065E+00 3.064E+00 3.068E+00

IY=12 3,045E+00 3.043E+00 3.043E+00 3.044E+00 3.049E+00

lY=ll 3.028E+00 3.028E+00 3.029E+00 3.031E+00 3.037E+00

IY=10 3.018E+00 3.019E+00 3,022E+00 3.024E+00 3.031E+00
iIY=9 3.o4+00 3.016E+00 3.019E+00 3.o22+00 3o29E+00

IY= 9 3.014E+00 3.016E+00 3.018E+00 3.021E+O0 3.029E+00

Iy= 7 3.O11E+00 3.014E+00 3.017E+00 3.020E+OU 3.028E+00

IY= 6 3.011E+00 3.013E+00 3.017E+00 3.021E+00 3.030E+00
IY= 5 3.012E+00 3,014E+00 3.019E+00 3.030E+00 3.052E+00

IY= 4 3.004E+00 3.007E+00 3.013E+00 3.038E+00 3.077E+00

IY= 3 2.976E+00 2.978E+00 2.986E+00 3.033E+00 3.081E+00

IY= 2 2.606E+00 2.597E+00 2.599E+00 2.686E+00 2.738E+00

IY= 1 9.991E-01 9.179E-01 8.583E-01 1.695E+00 1.603E+00

IZ= 16 17 18 19 20

IY=25 3.194E+O0 3.194E+00

1Y=24 3.154E+00 3.154E+00

IY=23 3.077E+00 3.078E+00

IY=22 2.972E+00 2.973E+00

IY=21 2.846E+00 2.849E+00

IY=20 2.707E+00 2.712E+00

IY=19 2.561E+00 2.569E+00
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IY=18 2.412E+00 2.424E+00

1Y=17 2.262E+00 2.279E+00

1Y=16 2.112E+00 2.137E+00

IY=15 1.963E+00 1.996E+00

If=14 1.819E+o0 1.858E+oo

.IY=13 1.683E+00 1.728E+00

IY=12 1.562E+00 1.609E+00

IYmli 1.458E+00 1.503E+00

1Y=10 1.368E+00 1.411E+00

IY= 9 1.291E+00 1.330E+00

1Y 8 1.222E+00 1.257E+00

iIy 7 1.160E+00 1.189E+00

IY= 6 1.104E+00 1.126E+00

IY= 5 1.079E+00 1.091E+00

-Y= 4 1.087E+00 1.095E+O0

IY= 3 1.112E+00 1.116E+00

IY= 2 1.035E+00 1.040E+00

IYU 1 5.906E-01 6.047E-01

IZZ 21 22

FIELD VALUES OF T (tempzeature)

IY=25 1.990E+02 1.990E+02, 1.990E+02 1.990E+02 1.990E+02

IY=24 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=23 1.990E+02 1;990E+02 1.990E+02 1.990E+02 1.990E+02

IY*'22 1.9905+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=21 1.990E+02 1.990E+02 1.090E+02 1.990&+02 1.990E+02

IY=20 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=19 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=18 1.990E+02 1.990E+02 1.9905+02 1.990E+02 1.990E+02

1Y:17 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.991E+02

IY:16 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.9915+02

IY=15 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.991E+02

1Y=14 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.9915+02

IY:13 1.990E+02 1.990E+02 1,990E+02 1.990E+02 1.992E+02

IY:12 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.992E+02

IY:11 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.992E+02
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IY=10 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.993E+02

IY= 9 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.993E+02

IY= 8 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.995E+02

lYey 7 1.990E+02 1.990E+02 1.990E+02 1.991E+02 1.999E+02

By= 6 1.990E+02 1.990E+02 1.990E+02 1.993E+02 2.017E+02

IY= 5 1.990E+02 1.990E+02 1.990E+02 1.997E+02 2.073E+02

IY= 4 1.990E+02 1.990E+02 1.990E+02 1.999E+02 2.117E+02

IY= 3 1.990E+02 1.990E+02 1.991E+02 1.999E+02 2.153E+02

iY= 2 1.990E+02 1.990E+02 1.991E+02 1.999E+02 2.172E+02

M2y 1 1.990E+02 1.990E+02 1.991E+02 1.999E+02 2.176E+02

IZ= 1 2 3 4 5

IY=25 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=24 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E602

IY=23 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=22 1.990E+02 1.990E+02 1.991E+02 1.991E+02 1.991E+02

IY=21 1.991E+02 1.991E+02 1.991E+02 1:991E+02 1.991E+02

IY=20 1.991E+02 1.991E+02 1.991E+02 1.991E+02 1.992E+02

IY=19 1.992E+02 1.992E+02 1.992E+02 1.992E+02 1,992E+02

ZY=18 1.992E+02 1.993E+02 1.992E+02 1.992E+02 1.993E+02

IY=17 1.993E+02 1.9934E+02 1.993E+02 1.993E+02 1.9946E+02

IYm16 1.994E+02 1.994E+02 1.994E+02 1.9946E+02 1.996E+02

IY=15 1.9946E+02 1.995E+02 1.995E+02 1.996E+02 1.999E+02

IY=14 1.995E+02 1.995E+02 1.996E+02 1.998E+02 2.003E+02

IY=13 1,996E+02 1,97E+02 1.998E+02 2.001E+02 2.010E+02

1Y=12 1.997E+02 1.998E+02 2.000E+02 2.007E+02 2.021E+02

IY= 8 1.999E+02 1.999E+02 2.004E+02 2.016E+02 2.038E+02

IY=10 2.0006+02 2.0029+02 2.012E+02 2.033E+02 2.063E+02

IY= 9 2.003E+02 2.007E+02 2.027E+02 2.0596+02 2.095E+02

IY= 8 2.008E+02 2.018E+02 2.055E+02 2.097E+02 2.128E+02

IY= 7 2.0226+02 2.045E+02 2.100E+02 2.136E+02 2.149E+02

IY= 6 2.065E+02 2.1086E+02 2.151E+02 2.156E+02 2.1526E+02

IY= 5 2.134E+02 2.148E+02 2.1446+02 2.143E+02 2.145E+02

IY= 4 2.167E+02 2.165E+02 2.157E+02 2.157E+02 2.160E+02

IY= 3 2.178E+02 2.173E+02 2.167E+02 2.171E+02 2.178E+02

IY= 2 2.181E+02 2.210E+02 2.244E+02 2.328E+02 2.404E+02
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IYu 1 2.759E+02 3.085E+02 3.288E+02 3.456E+02 3.503E+02

IZ= 6 7 8 9 10

IY=25 1.990E+02 1.990E+02 1.991E+02 1.991E+02 1.991E+02

IY=24 1.990E+02 1.990E+02 1.991E+02 1;991E+02 1.991E+02

IY=23 1.990E+02 1.991E+02 1.991E+02 1.992E+02 1.992E+02

IY=22 1.991E+02 1.991E+02 1.992E+02 1.993E+02 1.993E+02

1Y=21 1.991E+02 1.992E+02 1.993E+02 1.994E+02 1.995E+02

IY=20 1.992E+02 1.993E+02 1.995E+02 1.996E+02 1.998E+02

IY=19 1.993E+02 1.995E+02 1.998E+02 2.OOOE+02 2.003E+02

1Y=18 1.994E+02 1.997E+02 2.002E+02 2.006E+02 2.009E+02

IY=17 1.996E+02 2.001E+02 2.009E+02 2.014E+02 2.020E+02

I1Y=16 2.000E+02 2.007E+02 2.019E+02 2.025E+02 2.033E+02

IY=15 2.005E+02 2.016E+02 2.032E+02. 2.042E+02 2.052E+02

IY=14 2.013E+02 2.029E+02 2.051E+02 2.062E+02 2.074E+02

1Y=13 2.025E+02 2.047E+02 2.073E+02 2.085E+02 2.096E+02

IY=12 2.043E+02 2.070E+02 2.097E+02 2.107E+02 2,116E+02

IYall 2.067E+02 2.096E+02 0.1189+02 2.125E+03 2.130E+02

IY=10 2.095E+02 2.120E+02 2.134E+02 2.136E+02 2.137E+02

IYa .9 2.123E+02 2.1385+0R 2.142E+02 2.142E+02 2.140E+02

IYa 8 2.143E+02 2.146E+02 2.146E+02 2.144E+02 2.142E+02

IY= 7 2.150E+02 2.149E+02 2.1485+02 2.146E+02 2.144E+02

IY= 6 2.150E+02 2.1505+02 2.149E+02 2.147E+02 2,145E+02

lY= 5 2.146E+02 2.146E+02 2.145E+02 2,143E+02 2.142E+02

IYO 4 2.161E+02 2.161E+02 2.160E+02 2.158E+02 2.158E+02

IY= 3 2.182E+02 2.186E+02 2.188E+02 2.189E+02 2.190E+02

IY= 2 2.459E+02 2.500+E02 2,534E+02 2.565E+02 2.566E+02

IY= 1 3.514E+02 3.517E+02 3.517E+02 3.516E+02 3.481E+02

IZO 11 12 13 14 15

IY=25 1.991E+02 1.991E+02 1.991E+02 1.991E+02 1.991E+02

IY=24 1.991E+02 1.991E+02 1.991E+02 1.991E+02 1.991E+02

IY=23 1.992E+02 11992E+02 1.992E+02 1.992E+02 1.992E+02

1Y=22 1.993E+02 1.993E+02 1.993E+02 1.993E+02 1.993E+02

IY=21 1.995E+02 1.995E+02 1.995E+02 1.995E+02 1.994E+02

IY=20 1.998E+02 1.999E+02 1.999E+02 1.998E+02 1.997E+02

IYQ19 2.003E+02 2.003E+02 2.004E+02 2.003E+02 2.001E+02
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1Y=18 2.010E+02 2.011E+02 2.011E+02 2.010E+02 2.008E+02

IY=17 2.020E+02 2.021E+02 2.022E+02 2.021E+02 2.018E+02

IY=16 2.034E+02 2.036E+02 2.036E+02 2.036E+02 2.032E+02

IY=15 2.053E+02 2.054E+02 2.055E+02 2.055E+02 2.049E+02

IY=14 2.075E+02 2.076E+02 2.077E+02 2.077E+02 2.070E+02

IY=13 2.097E+02 2.098E+02 2.097E+02 2.097E+02 2.089E+02

IY=12 2.115E+02 2.115E+02 2.114E+02 2.113E+02 2.104E+02

1Y=11 2.128E+02 2.126E+02 2.124E+02 2.123E+02 2.114E+02

IY=10 2.135E+02 2.132E+02 2.129E+02 2.127E+02 2.119E+02

IY= 9 2.138E+02 2.135E+02 2.131E+02. 2.129E+02 2.121+E02

IY= 8 2.139E+02 2.136E+02 2.132E+02 2.130E+02 2.123E+02

IY= 7 2.141E+02 2.138E+02 2.134E+02 2.132E+02 2.124E+02

I'Y= 6 2.143E+02 2.140E+02 .2.135E+02 2.131E+02 2.122E+02

IY= 5 2.140E+02 2.137E+02 2.130E+02 2.114E+02 2.094E+02
UIsY 4 2.156E+02 2.152E+02 2.141E+02 2.102E+02 2.080+E02

IY= 3 2.193E+02 2.190E+02 2.175E+02 2.094E+02 2.112E+02

IY= 2 2.605E+02 2.613E+02 2.605E+02 2.470E+02 2.516E+02

IYO 1 3.503E+02 3.499E+02 3.488E+02 3.236E+02 3.304E+02

IZ= 16 17 18 19 20

1Y•25 2.002E+02 2.002E+02

IY*24 2.091E+02 2.091E+02

IY-23 2.255E+02 2.255E+02

IYu22 2.476E+02 2.476E+02

IY*21 2.729E+02 2.729E+02

IY=20 2.994E+02 2.994E+02

IY=19 3.258E+02 3.257E+02

MY18 3.510E+02 3.507E+02

IY=17 3.747E+02 3.742E+02
IY=16 3.967E+02 3.957E*02

IY=15 4.170E+02 4.151E+02

IY=14 4.355E+02 4.320E+02

1Y"13 4.518E+02 4.456E+02

IY=12 4.655E+02 4.546E+02

IY=11 4.768E+02 4.577E+02
IY=10 4.861E+02 4.532E+02
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IY= 9 4.937E+02 4.381E+02

IY. 8 5.001E+02 4.070E+02

IY= 7 5.056E+02 3.546E402

IY= 6 5.103E+02 2.656E+02

IY= 5 5.128E+02 1.176E+02

IY= 4 5.123E+02 4.260E+01

IY= 3 5.065E+02 -7.998E+00

IY= a 4.7548+02 -2.779E+01

IY= 1 3.969E+02 -1.017E+01

IZ= 21 22

FIEILD VALUES OF Hi

IYMS 6.150E+05 6.1506+05 6.150E+05 6.150E+05 6.1.50E+05

IY=24 6.1505405 6-150E+05 6.150E+05 6.150E+05 6.150E+.05

IY23 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.1506+05

IY=22 6.150E+05 6.1505+05 6,150E+05 6.150E+05 6.150E+05

IY=21 6.150E#05 6.150E+05 6.150&+05 6.150E+05 6.1506E+05

IY=20 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=19 6.150E+05 6.150E+05 6.1.50E+05 6.150&+05, 6.150E+05

Z.Y=18 6.150E+05 6.150E+05 6.150E+05 6.1505+05 '6.1505+05

1YO17 6.150E+05 6.150E4'05 6.1505+0.5 6.150E+05 6.1506+05

lYa16 6.150E+05 -6.150E+i05 6.150E+05 6.1506+05 6.150E+05

ZY=15 6.1505+05 6.1505+05 6.1S05+O!; 6.1505+05 6.1506+05

IY=14 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.1506+05

IY*13 6.150E+05 6.150E+05 6.!505+05 6.1505405 6.1505+05

IY-%12 6.1505+05 6,150E6"03 6.150E+05 6.150E+05 6.150E+05

Wall1 6.I505+05 6.150E+05 6.150E+05 6.154+~05 6.1505+05

1Yt10 6.150E+05 6.130E+05 6.1505+05 6.150t+05 6.150E+05

lY. 9 6.150C405 .6.150E+05 6.150E+05 6.150E+05 6.1509+05

1Yv 8 6.150E+05 6.1505+05 6.150E+05 6.1505+05 6.150E+05

IYw 7 6.1505+05 6.1505+05 6.150E+.05 6.1509+05 6.150E405

IY= 6 6.150E+05 6.1S0E+05 6.1505+05 6.IS0E+05 6.150E+05

1Y= 5 6.1505+05 .6.1509+03 6.150E+05 6.1509+05 6.150E+05

IY= 4 6.)506+05 6.1506+05 6.150E+05 6.150E+05 6.150E+05

IY= 3 6.1509+05 6.150E+05 6.150E+05 6.150E+05 6.1506+05

IY= 2 6.1505+05 6.150E+05 6.150E+05 6.150E+05 6z1SOE+05
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ZYr 1 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IZ= 1 2 3 4 5

IY=25 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.1509+05

1Y=24 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

1=23 6.150E+05 6.150E+05 6.150E+05 6,150E+05 6.150E+05

IY=22 6.150E+05 6.150E+05 6.!50E+05 6.150E+05 6.150E+05

IY=21 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=20 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

-IY•19 6.150E+05 6.150E+05 6.150E+05 6.150+E05 6.150E+05

IY=18 6.150E+05 6.150E+05 6,150E+05 6.150E+05 6.150E+05

WY217 6.1505+05 6.150E+05 6.150E+05 6.150E+05 6.150R+05

IY=16 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=15 6.150E+05 6.150F+05 6.150E+05 6.150E+05 6.150E+05

IY=14 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.1505E05

IY=13 6.150E+05 6.150E+05 6.1505+05 6.150H+05 6.150+÷05

IY=12 6.150E+05 6.150E+05 6.150+E05 6.150E+05 6.150F+05

IYa11 6.1505+05 6.150E+05 6.150E505 6.150E+05 6.1504E05

IYO10 6.150+E05 6.150E+05 6.1508+05 6,150E+05 6.150÷+05

U¥= 9 6.150E+05 6.150E+05 6,150E+05 6:150E+05 6,150E+05

Uyx 8 6,150+E05 6.150E+05 6.150E+05 6.1506+05 6.150E+05

UY 7 6t150E+05 6.150+E05 6.150+E05 6.!505+05 6.1505÷05

IYe 6 6.1505+00 6.1500+05 * 6.1550+05 6.150,+05 6.150f+05

IYO 5 6.150+E05 6.150+E05 6,i50E+05 6,150+E05 6.150E+05

IY= 4 6.150E+05 6.150E÷05 6.150E+05 6.150E+05 6.150E+05

IY= 3 6.150+E05 6.150+E05 6.149E+05 6.145E+05 6.141E+05

IY= 2 6,144E+05 6.114E+05 6.075E+05 6.001E+05 5.935E+05

IY= 1 5.518E+05 5.071E+05 4.711+05 4.318E+05 4.116E+05

IZ 6 7 8 9 10

IY=25 6.150C+05 6.150E+05 6.i50E+05 6.150E+05 6.150C+05

1Y=24 6.150+E05 6.150E+05 6,1504E05 6.150E+05 6.150+E05

IY*23 6.150+E05 6.150E+05 6.150+E05 6.150+E05 6.150E+05

IY=22 6.150E+05 6.150I+05 6.105+E05 6.150E+05 6.150E+05

IYl21 6.150E+05 6.150+E05 6.150E+05 6.150E+05 6.150E+05

XY=20 6.150E+05 6.150E+05 6.150E+05 6.150÷+05 6.150E+05

IY919 6.150+E05 6.150E+05 6.150E+05 6.1050+05 6.I50+E05
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IYlS8 6.150E+05 6.150E+05 6.150E+05 6.1500+05 6.150E+05

IY=17 6.150E+05 6.150E+05 6.1500+05 6.150E+05 6.1500+05

IY-16 6.1505+05 6.1500+05 6.1500+05 6.1505+05 v'.1S05+05

1Y-15 6.1505+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=14 6.1500+05 6.150E+05 6.ISO0O+05 6.1500+05 6A500+05

UY13 6.1505+05 6.150E+05 6.1505+05 6,150E+05 6.1505+05

IYmli 6.150E+05 6.1505+05- 6.lS0E*05 6.150E+05 -6.1500+05

Iymlil 6.150E+05 6.15~50 .50E+QSi 6.150E+05 6.150E+05

1Y=10 6.15054'0S 6.1500+05- 6.150E+05 6.150E+05 6.150E+05

IVw 9 6,150z+05 0t150E+05 6.150E+05 6.150B+05 6.1500+05

IY= 6 t.1tSOO+S 6.1500+05 -6.1500+0 6.1505+05 6.150E+05

flu 7 6.1505+05 6.1$54Ef05 6.150E+05 6.150E+05 6.1505+05

XY= 6 6.130S+45 6.1500+05 6.1500O+05 6.150E+05 6.150E+05

IY= 5 6.150E+05 6.1500+05 6.1505+05 6..1SOE+05 6.150E+05

fluz 4 6.1505,+05 6.149&+05 6.149&+05 6.149E+05 6.1495+'!)5

flu-3ý 6.;37Z+05 6.134E405 4,13ROS4 6.127E+05 6.1a60+05

Ilu 2 5.883E+05 $.8385+05 5.797F.+05 5.757E+05 5.7555+05

flu I 4.039E+05 4.016&,+05 4.0105+95i 4.006E+05 4.554E+05

I1* I13l 13 14 1

z~ulas 6.1506*05 6. 15,01+05 6.150C+05 6.1SOE+0S 6,150+05

IY=24 6.150E+05 6,1506+05 6.1500+05 ý6.1560+05 6.15~06+05

Zytas 6.150E+05 6.1506+0S 6.1500+05 6,1500+05 6.1505-+05

IYufl 6,15MOS0 6.1300405 6.1500+05 6.1500+05 6.1505+05

flia~l 6.1509+05 6.1509+05 6.1500+05 6.1500+05 6.1505+05

I,.Y-20 6.1505*05 6.150E+05 6.1500.+05 6.150E+05 6.1500+05

lriq1 6.150E+05 6.1500+05 6.1500+US 6.1505+03 6.1500+03

:Io=1 6.1560*05 6.1300+.05 6.1500+05 6.1500+05 6.1500+05

1Y=17 6.150E*05 6.1505+03 6.1500+05 6.15MOS0 6.1505+05

lYalfi 6.1505+05 6.150E+05 6.1505+05 6.150t+05 6.1505+03

ZYsIS 6.150E+05 6.ISOE+05 6.1500+05 6.150E+05 6.1505E+05

1Y=13 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

*Y~ IY I 6.150E+05 6,150E+05 6.1505+05 6.150E+05 6.150E+05

IY=10 6.150E+05 6.150E+05 6.150E+05 6.1300+05 6.1$0r.+05
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IYm= 9 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 8 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

1Y- 7 6.150E+05 6.150E+05 6.1505+05 6.150E+05 6.150E+05

1Y= 6 6.150E+05 6.150E+05 6.150E+0c 6.150E+05 6.1505+05

1y= 5 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.149E+05

1Y= 4 6.149E+05 6.149E+05 6.149E+05 6.149E+05 6.144E+05

Iy= 3 6.121E+05 6.120E+05 6.119E+05 6.119E+05 6.093E+05

IY= 2 5.715E+05 5.704E+05 5.694E+05 5.713E+05 5.686E+05

IY= 1 4.294E+05 4.225E+05 4.168E+05 4.769E+05 4.646E+05

IZ= 16 17 18 19 20

IY=25 6.150E+05 6.150E+05

IY:=4 6.150E+05 6.1509+05

IY=23 6.150E+05 6.150E+05

Y=u22 6.150E+05 6.150o+05

IY=21 6.150E+05 6.1SOE+05

IY=20 6.150E+05 6.1505+05

IY=19 6.150E+05 6.149E+05

IY=18 6.150V05 6.148E+05

IY=17 6.150E+05 6.145E+05

IY=16 6.150E+05 6.140E+05

MIS~ 6.150E+05 6.131E+05

IY-14 6.150E+05 6.114E+05

IYdl3 6.150E+05 6.083E+05

IY=12 6.150E+05 6.030E+05

ly 11 6.150E+05 5.938E+05

IY=10 6.150E+05 5.785&+05

Iyu 9 6.150E+05 5.532E+05

SIY 8 6.150E+05 5.123E+05

4 'Ym 7 6.15'E+05 4.471E+05

IYm 6 6.,50*.05 3,.429E+05

IY= 5 6.149E+05 1.761E+05

IY= 4 6.142E+05 9.337E+04

IY= 3 6.0885+05 3.912E+04

I'P 2 5.677E+05 1.068E+04

Xyfj I 4.528E+05 2.236E+03
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IZ= 21 22

FIELD VALUES OF VRES

IY=-25 O.O00E+O0 O.O00E+O0 O.O00E+O0 O.nOOE+O0 O.O00E+O0

IY=24 1.405E-05 3.007E-06 -5.550E-06 -1.294E-04 -1.448E-03

IY=23 -1.959E-05 -4.107E-06 8.235E-06 -4.790E-05 -3.747E-04

1Y=22 2.043E-05 -5.721E-07 -2.893E-05 -9.892E-05 -9.914E-05

IY=21 -5.591E-10 3.131E-08 1.097E-06 -2.957E-06 -2.073E-04

IY=20 -2.045E-05 6.139E-07 2.518E-05 7.661E-05 1.586E-04

IY=19 1.929E-05 5.354E-06 -2.818E-05 4.812E-05 1.744E-04

IY=18 -1.987E-05 1.297E-05 4.382E-05 2.561E-05 3.570E-05

IY=17 6.476E-06 -2.901E-06 2.098E-05 -2.651E-05 -1.529E-04

IY=16 1.378E-05 -- 7.195E-05 -9.990E-05 -9.397E-05 5.056E-06

IY=15 -- ,9?7E-05 5.,437E-35 7.146E-05 1.332E-04 1..717E-04

IY;J4 1.896E-05 3.793E-05 1.053E-04 9.233E-05 6.895E-05

IY=13 -i.845E-05 -6.689E-06 9.738E-07 3.035E-05 1.767E-04

IY12 1,9756-05 1.183E-05 1.163E-04 1.505E-04 6.171E-04

IYall 3.013E-07 2.053E-05 3.482E-05 3.487E-04 1.606E-03
N

IY=IO -2.006E-05 -3.403E-05 1.106E-04 9.926E-04 5.410E-03

IYu 9 1.904E-05 2.851E-05 4.676E-04 2.726E-03 1.652E-02

IYm 8 1.642E-06 5.153E-0O 8.444E-04 7.499E-03 5.295E-02

IY- 7 -4.829E-06 2.910E-04 2ý273E-03 2.092E-02 1.693E-01

IY= 6 1.053E-04 2.549E-04 4.145E-03 4.924E-02 5.166E-01

IYR 5 -1.989E-04 4.910E-05 4.310E-03 7.840E-02 1.314E+00

1Y* 4 -1.1649-04 -1.745E-04 2.356E-03 5.204E-02 1.232E+00

IY= 3 -1.059E-05 3.473E-06 1.181E-03 2.448E-02 7.443E-01

IYE 2 -8.491E-06 4.780E-06 1.770E-04 6.999E-03 2.625E-01

XY- 1 -8.910E-07 1.790E-07 2.166E-05 1.920E-03 3.539E-02

IZa 1 2 3 4 $

IY=25 O.O00E+00 O.O00E+00 O.O00E+00 O.O00E+00 0.000E+00

IY*24 -3.953E-03 -4.269E-03 -2.334E-03 2.271E-03 3.218E-03

XYQ23 -1.181E-03 -2.523E-03 -3.031E-03 -8.488E-04 2.689E-03

IY=22 -5,793E-04 -9.827E-04 -1.593C-03 -7.053E-04 3.140E-03

IY=21 -2.258E-04 -2.051E-04 -2.464E-04 2.0806-04 5.418E-03

IY=20 -3.934E-05 -2.173E-04 -4.561E-04 1.301E-03 1.130E-02

IY=19 3.721E-04 -4.9026-05 -5.433E-06 3.314E-03 2.218E-02
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IY=18 3.182E-05 2.607E-04 3.912E-04 7.727E-03 4.387E-02

IY=17 -2.040E-04 -4.9205-05 9.271E-04 1.625E-02 8.650E-02

IY=16 -2.034E-05 2.115E-04 2.3495-03 3.314E-02 1.688E-01

1Y=15 1.918E-04 5.597E-04 4.625E-03 6.814E-02 3.306E-01

IY=14 3.685E-04 1.909E-03 1.063E-02 1.413E-01 6.499E-01

MY=i3 9.120E-04 4.141E-03 2.383E-02 2.970E-01 1.279E+00

IY=12 2.347E-03 1.078E-02 5.622E-02 6.341E-01 2.512E+00

I=¥11 7.212E-03 3.105E-02 1.401E-01 1.369E+00 4.888E+00

IY=10 2.337E-02 9.418E-02 3.674E-01 2.980E+00 9.307E+00

IY= 9 7.721E-02 2.99SE-01 1.019E+00 6.466E+00 1.700E+01

IY= 8 2.654E-01 9.986E-01 2.959E+00 1.367E+01 2.890E+01

IY= 7 9.643E-01 3.454E+00 8.743E+00 2.698E+01 4.385E+01

Iy= 6 3.755E+00 1.203E+01 2.444E+01 4.618E+01 5.672E+01

IY= 5 1.654E+01 3.910E+01 5.510E+01 6.130E+01 6.067E+01

IY= 4 3.314E+01 5.331E+01 5.999E+01 6.139E+01 6.069E+01

IY= 3 4.758E+01 5.910E+01 6.080E+01 6.092E+01 6.046E+01

IY= 2 5.655E+01 5.995E+01 5.954E+01 5.810E+01 5.665E+01

IYM 1 4.885E+01 4.044E+01 3.256E+01 2.206E+01 1.536E+01

lz 6 7 8 9 10

lY25 O.O005E+00 OO00E+00 0.0005+00 0.0006+00 0.000÷+00

IY=24 4.446E-03 1.170E-02 3.426E-02 8.774E-02 1.266E-01

lY-23 9.023E-03 2.744E-02 7.989E-02 2.031E-01 2.905E-01

IY=22 1.510E-02 5.126E-02 1.508E-01 3.776E-01 5.369E-01

IY=21 2.656E-02 9.261E-02 2.685E-01 6.585E-01 9.301E-01

XYu20 4.939E-02 1.664E-01 4.690E-01 1.120E+00 1.569E+00
MY=19 9.180E-02 2.983E-01 8.128E-01 1.879E÷00 2.604E+00

IY-18 1.719E-01 5.349E-01 1,398E+00 3.148E+00 4.251E+00

IY017 3.217E-01 9.547E-01 2.379E+00 5.057E+00 6.805E+00

IY*16 5.993E-01 1.691E+00 3.996E+00 8.053E+00 1.06'4.+01

MY15 1.114E+00 2.967E+00 6.586E+00 1.246E+01 1.603E+01

IY=14 2.059E+00 5.127E+00 1.058E+01 1.857E+01 2.316E+01

IY=13 3.767E+00 8.660E+00 1.640E+01 2.638E+01 3.173E+01

IY=12 6.770E+00 1.414E+01 2,423E+01 3.5365+01 4.081+E01

IY=11 1.181E+01 2.202E+01 3.369E+01 4.434E+01 4.889E+01

ZYmIO 1.967E+01 3.214E+01 4.363E+01 5.188E+01 5.500E+01
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IY= 9 3.056E+01 4.321E+01 5.208E+01 5.706E+01 5.867E+01

1Y= 8 4.318E+01 5.281E+01 5.768E+01 5.971E+01 6.023E+01

IY= 7 5.420E+01 5.868E+01 6.013E+01 6.049E+01 6.053E+01

I= 6 5.992E+01 6.049E+01 6.053E+01 6.052E+01 6.048E+01

IY= 5 6.032E+01 6.046E+01 6.058E+01 6.059E+01 6.038E+01

Iy= 4 6.035E+01 6.038E+01 6.044E+01 6.045E+01. 6.004E+01

1Y= 3 6.018E+01 6.009E+01 6.004E+01 5.999E+01 5.938E+01

Iy= 2 5.5516+01 5.466E+01 5.393E+01 5.325E+01 5.253E+01

Iy= 1 1.210E+01 1.094E+01 1.060E+01 1.053E+01 2.540E+01

IZ= 11 12 13 14 15

IY=25 O.O00E+00 O.O00E+00 O.O00E+00 O.O00E+00 O.OOOE+00

IY=24 1.811E-01 1.958E-01 2.111E-01 2.271Z-01 2.430E-01

IY=23 4.099E-01 4.423E-01 4.7606-01 5.105E-01 5.461E-01

IY=22 7.520E-01 8.107E-01 8.717E-01 9.344E-01 9.998E-01

IY=21 1.293E+00 1.393E+00 1.497E+00 1.603E+00 1.716E+00

IY=20 2.163E+00 2.326E+00 2.497E+00 2.672E+00 2.860E+00

IY=19 3.550E+00 3.811E+00 4.083E+00 4.363E+00 4.669E+00

IY=18 5.718E+00 6.122E+00 6.542E+00 6.976E+00 7.458E+00

IY17 9.000E+00 9.602E+00 1.023E+01 1.08?Et0! 1.160E+01

IY=16 1.375E+01 1.460E+01 1.549E+01 1.639E+01 1.743E+01

IY=15 2.021E+01 2.133E+01 2.249E+01 2.367E+01 2.502E+01
IY=14 2.827E+01 2.963E+01 3.101E+01 3,241E+01 3.396E+01

lYa13 3.726E+01 3.871E,01 4.013E+01 4.151E+01 4.298E+01

IY*12 4.577E+01 4.702E+01 4.822E+01 4.934E+01 5.051+E01
IY=11 5.262E+01 5.353E+01 5.436E+01 5.512E+01 5.587E+01

IY=10 5.724E+01 5.776E+01 5.822E+01 5.861E+01 5.898E+01

IY= 9 5.965E+01 5.987E+01 6.003E+01 6.016E+01 6.027E+01

IYm 8 6.046E+01 6.0506+01 6.052E+01 6,053E+01 6.052E+01

IY= 7 6.052E+01 6.051E+01 6.050E+01 6.049E+01 6.046E+01

IYa 6 6.046E+01 6.045E+01 6.045E+01 6.043E+01 6.029E+01

IY= 5 6.046E+01 6.OSIE+01 6.056E+01 6.039E+01 5.879E+01

IY= 4 6.046E+01 6.061E+01 6.064E+01 5.964E+01 5.160E+01

IY= 3 6.012E+01 6.025E+01 6.021E+01 5.819E+01 3.630E+01

IY= 2 5.2786+01 5.265E+01 5.248E+01 5.058E+01 1.374E+01

IY= I 2.032E+01 1.870E+01 1.742E+01 3.130E+01 1.723E+00
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IZ= 16 17 18 19 20

IY:25 0.000E+O0 O.000+00

IY=24 2.563E-01 3.246E-01
R¥Y23 5.777E-01 7.707E-01
I¥=22 1.059E+00 1.522E+00

IY:21 1.818E+00 2.799E+00

IY:20 3.032E+00 4.892E+00

IY:19 4.946E+00 8.121E+00

IY=18 7.898E+00 1.278E+01

IY¥17 1.226E+01 1.897E+01

IY:16 1.837E+01 2.654E+01

IY=15 2.624E+01 3.486E+01

IY=14 3.533E+01 4.297E+01

IYm13 4.425E+01 4.971E+01

IY*12 5.150E+01 5.427E+01

IYmiJ 5.650E+01 5.650E+01

ZYIO 5.928E+01 5.655E+01

IY= 9 6.035E+01 5.466E+01

AlY 8 6.052E+01 5.086E+01

IYm 7 6.042E+01 4.463E+01

UYs 6 5.999E+01 3.476E+01

IYu 5 5.595E+01 1.921E+01

IY24 4.130E+01 4.419E+00
IYO 3 1.798E+01 -9.836E-01

1Ya 2 2.057E+00 -2.496E+00

XY- 1 1.768E-01 -3.095E+00

IZ= 21 22

FIELD VALUES OF VGRT

IY=2S O.000EO0 0.000E+00 O.000E+O0 O.O00500 0.0005+00

IY*24 1.4055-05 3.007E-06 -5.550E-06 -1.294E-04 -1.450E-03

1Y=23 -1.959E-05 -4.107E-06 8.2355-06 -4.7905-05 -3.780E-04

XY:22 2.043E-05 -5.721E-07 -2.893E-05 -9.892E-05 -1.024E-04

IY*21 -5.5919-10 3.131E-08 1.097E-06 -2.957E-06 -2.106E-04

1Y=20 -2.045E-05 6.139E-07 2.518E-05 7.661E-05 1.520E-04

IXY19 1.929E-05 5.354E-06 -2.818E-05 4.812E-05 1.644E-04
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1Y18g -1 .987E-05 1 .297E-05 4.382E-05 2.561E-05 3.570E-05

IY=i? 6.476E-06 -2.901E-06 2.098E-05 -2.651E-05 -1 .529E-04

IY=16 1.378E-05 -7.195E-05 -9.990E-05 -9.397E-05 1.746E-06

iY=15 -1.977E-05 5.437E-05 7.146E-05 1.332E-04 1.651E-04

IY=14 1.896E-05 3.793E-05 1.053E-04 9.233E-05 5.902E-05

IY=13 -1.845E-05 -6.6a9E-06 9.7385-07 3.0355-05 1.634E-04

IY=12 1.975E-05 1.183E-05 1.163E-04 1.505E-04 5.972E-04

IYull 3.013E-07 2.053E-05 3.482E-05 3.4875-04 1.602E-03

IY=10 -2.003E-05 -3.403E-05 1.106E-04 9.926E-04 5.400E-03

IY= 9 1.904E-05 2.851E-05 4.6785-04 2.726E-03 1.650E-02

IYM 8 1.642E-06 5.153E-05 8.444E-04 7.499E-03 5.292E-02

IY2 7 -4.829E-06 2.910E-04 2.275E-03 2.092E-02 1.693E-01

IY= 6 1.053E-04 2.549E-04 4.1455-03 4.924E-02 5.166E-01

IY= 5 -1.989E-04 4.910E-05 4.310E-03 7.8405-02 1.314E+00

IYu 4 -1.164E-04 -1.7455-04 2,356E-03 5.204E-02 1.232E+00

IY= 3 -1.059E-05 3.473E-06 1.181E-03 2.448E-02 .7.443E-01

IY= 2 -8.491E-06 4.780E-06 1.770E-04 6."9E9-03 2.6255-01

IYu 1 -8.910E-07 1.790E-07 2.166E-05 1.920E-03 .3.545E-02

US~ 1 2a 3 4 .5.

IYu2S 0.J)00C+00 0.0005+00 0.0005+00 0.0005+00 0.0005+00

IYa24 -3.953E-03 -4.269E-03 -2.334E-03 2.271E-03 3.2185-03

IYE23 -p1.1815-03 -2.523E-03 -3.0315-03 68.521E-04 2.686E-03

ZY*22 -5.826E-04 -9.861E-04 -1.5975-03 -7.0875-04 3.140E-03

IY*21 -2.357E-04 -2.1515-04 -2.531E-04 2.014E-04 .5.411E-03

lYa20 -4.9275-05 -2.306E-04 -4.561E-04 1.2855-03 1.129E-02

IYv19 3.6885-04 -5.564E-05 -8.742.5-06 3.311E-03 2.2185-02

*IY+218 2.520E-05 2.4755-04 3.713E-04 7.7115-03 4.386E-02

IYOI7 -2.2055-04 -5.9175-05 9.2055-04 . "A4~-O 8.6485-02

XYt*16 -4.350E-05 1.917E-04 2.332E-03 3.312E-02 1.6885-01

lY'21S 1.852E-04 5.531E-04 4.61ZE-03 6.814E-02 3.306E-01

IY=14 3.420E-04 1.909E-03 1.062E-02 1.412E-01 6.499E-01

XYrnl3 8.9885-04 4.108E-03 2.381E-02 2.970E-01 1.279E+00

IYOZ1 2.334E-03 1.076E-02 5.621E-09 6.341E-01 2.512E+00

Iy-il 7.1955-03 3.104E-02 1.401E-01 1.369E+00 4.888E+00

IY*lO 2.337E-02 9.416E-02 3.673E-01 2.980E+00 9.307E+00
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IY= 9 7.721E-02 2.995E-01 1.019E+00 6.466E+00 1.700E+01

IY= 8 2.654E-01 9.985E-01 2.959E+00 1.367E+01 2.890E+01
1Y= 7 9,642E-01 3.454E+00 8.743E+00 2.698E+01 4.3856+01

IY= 6 3.755E+00 1.203E+01 2.444E+01 4.618E+01 5.672E+01

IY= 5 1.654E+01 3.910E+01 5.510E+01 6.130E+01 6.067E+01
wY= 4 3.314E+01 5.331E+01 5.999E+01 6.139E+01 6.069E+01

IY= 3 4.758E+01 5.910E+01 6.080E+01 6.092E+01 6.046E+01

IY= 2 5.655E+01 5.995E+01 5.954E+01 5.810E+01 5.664E+01

IY= 1 4.885E+01 4.044E+01 3.256E+01 2.206E+01 1.536E+01

IZ= 6 7 8 9 10

IY=25 O.O00E+00 0.000+00 0.0006+00 0.0006+00 O.O00E+00

IY=24 4.446E-03 1.170E-02 3.426E-02 8.774E-02 1.266E-01

IY=23 9.023E-03 2.744E-02 7.9896-02 2.031E-01 2.905E-01

IY=22 1.509E-02 5.126E-02 1.508E-01 3.776E-01 5.369E-01

IY=21 2.655E-02 9.261E-02 2.685E-01 6.585E-01 9.301E-01

IY=20 4.937E-02 1.664E-01 4.690E-01 1.120E+00 1.569E+00

IY=19 9.180E-02 2.983E-01 8.128E-01 1.879E+00 2.604E+00

IY=18 1.718E-01 5.349E-01 1.398E+00 3.108E+00 4.2.51E+00

IY17 3.217E-01 9.547E-01 2.379E+00 5.05E+00 6.805E+00

lYm16 5.992E-01 1.691E+00 3.996E+00 8.053E+00 1.062E+01

IY215 1.114E+00 2.967E+00 6.586E+00 1.246E+01 1.603E+01

IY214 2.059E+00 5.127E+00 1.058E+01 I.857E+01 2.316E+01

ZY=13 3.767E+00 8.660E+00 1.640E+01 2.638E+01 3.173E+01

IY=12 6.770E+00 1.414E+01 2.423E+01 3.536E+01 4.081E+01

IY=11 1.181E+01 2.202E+01 3.369E+01 4.434E+01 4.889E+01

IY10 1.967E+01 3.213E+01 4.363E+01 5.188E+01 5.500E+01

IYa 9 3.056E+01 4.3216+01 5.208E+01 5,706E+01 5.867E+01

IY= 8 4.3186E+01 5.281E+01 5.7686E+01 5.971E+01 6.023E+01

IYO 7 5.420E+01 5.868E+01 6.013E+01 6.049E÷01 6.053E+01

XYm 6 5.992E+01 6.049E+01 6.053E+01 6.052E+01 6.048E+01

xIY 5 6.032E+01 6.046E+01 6.058E÷01 6.059g+01 6.038E+01
IY= 4 6.035E+01 6.038E+01 6.044E+01 6.045E+01 6.004E+01

IV 3 6.0186+01 6.009E+01 6.004E+01 5.999E+01 5.938E+01

IY= 2 5.551E+01 S.466E+01 5.393E+01 5.325E+01 5.253E+01

IY= 1 1.210t+01 1.094E+01 1.060E+01 1.053E+01 2.540E+01
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IZu 11 12 13 14 15

1Y=25 O.OOOE+00 O.O00E+00 O.O00E+00 O.O00E+00 O.O00E+00

IY=24 1.811E-01 1.958E-01 2,111E-01 2.271E-01 2.430E-01IY=23 4.099E-01 4.423E-01 4.760E-01 5.105E-01 5.461E-01
IY=22 7.520E-01 8.107E-01 8.717E-01 9.344E-01 9.998E-01

IY=21 1.293E+00 1.393E+00 1.497E+00 1.603E+00 1.716E+00

IY=20 2.163E+00 2.326E+00 2.497E+00 2.672E+00 2.860E+00

IY=19 3.550E+00 3.811E+00 4.083E+00 4.363E+00 4.669E+00

IYu18 5.718E+00 6.122E+00 6.542E+00 6.976E+00 7.458E+00

IYm17 9.o005+00 9.602E+00 1.023E+01 1.087E+01 1.160E+01

IY=16 1.375E+01 1.460E+01 1.549E+01 1.639E+01 1.743E+01

IY=15 2.021E+01 2.133E+01 2.249E+01 2.367E+01 2.50ZE+01

IY=14 2.827E+01 2.963E+01 3.101E+01 3.241E+01 3.396E+01

IY=13 3.726E+01 3.871E+01 4.013E+01 4.151E+01 4.298E+01

IY=12 4.577E+01 4.702E+01 4.822E+01 4.934E+01 5.051E+01

Wlail 5.262E+01 5.352E+01 5.4365+01 5.512E501 5.587E+01

IY=IO 5.724E+01 5.776E+01 5.822E+01 5.861E+01 5.898E+01

IY= 9 5.965E501 5.987E+01 6.003E+01 6.016E+01 6.027E+01

IYm 8 6.046E+01 6.050E+01 6.052E+01 6.053E+01 6.052E+01

IYm 7 6.05•÷01 6.051E+01 6.050E+01 6.049E+01 6.046E+01

IYw 6 6.046E+ol 6.045E+01 6.045E+01 6.043E+01 6.029E+01

lYA 5 6.046E+01 6.051E+01 6.056E+01 6.039E+01 5.879E+01

lYu 4 6.046F+01 6.061E+01 6.064E+01 5.964E+01 '5.160E+01

IY& 3 6.012E+01 6.025E+01 6.021+E01 5.819E+01 3,630E+01

rYf 2 5.278E+01 5.265E+01 5.248E+01 5.0585+01 1.374E+01
IY2 1 2.032E+01 1.870E+01 1.742E+01 3.130E+01 i.723E+00

IZ= 16 17 18 19 20

IYO25 O.O00E+00 OO.005+00

IY=24 2.563E-01 3.246E-01

1Yz23 5.779E-01 7,709E-01

IY=22 1.059E+00 1.522E500

IYm21 1.818E+00 2.8005+00

1Y=20 3.032E+00 4.892E+00

IY=19 4.9465*00 8.121E+00

lY=18 7.898E+00 1.278E+01
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IY=17 1.226E+01 1.897E+01

IY=16 1.837E+01 2.654E+01

1Y=15 2.624E+01 3.486E+01

IY=14 3.534E+01 4.297E+01

IY=13 4.425E+01 4.971E+01

IY=12 5.150E+01 5.427E+01

1Yl11 5.650E+01- 5.650E+01

IY=10 5.928E+01 5.655E+01

1Y: 9 6.035E+01 5.466E+01

IY: 8 6.052E+01 5.086E+01

1Y= 7 6.042E+01 4.463E+01

IY= 6 5.999E+01 3.4769+01

IY= 5 5.595E+01 1.921E+01

IYu 4 4.130E+01 4.419E+00

IY: 3 1.798E+01 -9.833E-01

IYm 2 2.055E+00 -2.498E+00

IY= 1 1.738E-01 -3.098E+00

IZ: 21 22

FIELD VALUES OF WRES

IY-2S 8.885C+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IYz24 8.865E+02 8.885E+02 8.8856+02 8.885E+02 8.885E+02

IYm23 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.8856+02

IYm22 8.8856+02 8.885E02 8.8856E02 8.885E+02 8.885E+02

1Y-21 8.8856+02 8.885E+02 8.885E+02 8.8856+02 8.885E+02

1Yu20 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

tY-U19 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.884E+,02

IYala 8.8856+02 8.885E+02 8.885E+02 8.885E+02 8.884E+02

XYM17 8.885E+02 8.885E÷02 8.885E+02 8.885E+02 8.884E+02
,Y=16 8.885E+02 8.885E÷02 8.88SE+02 8.885E÷02 8.884E+02
IYml5 8.885E+02 8.885E+02 8.8856+02 8.885E+02 8.884E+02

IY:14 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.883E+02

IY=13 8.885E+02 8.885E+02 8.8856+02 8,885E+02 8.883E+02

IYm12 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.883E+02

IY=11 8.885E+02 8.885E+02 8,885C+02 8.885E+02 8.882E+02

IY10 8.085E+02 8.885E+02 8.885E+02 8,885E+02 8.882E+02
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IY= 9 S.885E+02 8.885E+02 8.885E+02 8.885E+02 8.881E+02

Iy= 8 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.879E+02

IYz 7 8.885E+02 8.8855+02 8.885E+02 8.884E+02 8.873E+02

IY= 6 8.885E+02 8.885E+02 8.885E+02 8.881E+02 8.851E+02

1y= 5 8.885E+02 8.885E+02 8.884E+02 8.876E+02 8.781E+02

IY= 4 8.885E+02 8.885E+02 8.884E+02 8.874E+02 8.725E+02
IY= 3 8.885E+02 8.885E+02 8,884E+02 8.873E+02 8.679E+02

IY= 2 8.885E+02 8.885E+02 8.884E+02 8.873E+02 8.655E+02

IYa 1 8.885E+02 8.885E+02 8.884E+02 8.873E+02 8.650E+02

IZ= 1 2 3 4 5

IY925 8.885E+02 8.835E+02 8.885E+02 8.885E+02 8.885E+02

IY=24 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

1Y=23 8.885E+02 8.885E+02 8.884E+02 8.884E+02 8.884E+02

IY=22 8.884E+02 8.884E+02 8.884E+02 P.84E+02 8.884E+02

!Y=2I 8.884E+02 8.884E+02 8,884E+02 8.884E+02 8.884E+02

IY=20 8.883E+02 8.883E+02 8.883E+02 8,883E+02 8.883E+02

I¥Y19 8.883E402 8.883E+02 8.883E+02 8.882E+02 8.882Z+02

IY¥18 8.882E+02 8,882E+02 8.882E+02 8.882E+02 8.881E+02

IYU17 8.881E+02 8.881E+02 8.8815+02 8.881E+02 8.880E+02

lY-16 8.880E+02 8.880E+02 8.880E+02 8.879M+02 8.877E+02

MY15 8.879E+02 8.879E+02 8.879E+02 8.878E+02 8.874E+02

IYvI4 8.878E+02 8.878E+02 8.877E+02 8,875E+02 8.869E+02

IY*13 8.877E+02 8.877E+02 8.875E502 8.871E+02 8.860E+02

IY*12 8.876E+02 8.87SE+02 8.872E+02 8.864E+02 8,0476+02

lYal1 8.874E+02 8.873E+02 8.867E+02 8.852E+02 8.825E+02

21YIO 8.872+E02 8.8709+02 8.857+E02 8.831E+02 8.793E+02

lY= 9 8.869E+02 8.864E+02 6.839E+02 8.798E+02 8.751E+02

lYe 8 8.863E+02 8.850+E02 8.804E+02 8.750E*02 8.707E+02

1Y= 7 8.845E+02 8.816E+02 8.746E+02 8.697E+02 8.673E+02

IY= 6 8.791E+02 8.7366+02 8.678E+02 8.663E+02 8.662E+02

IYe 5 8.702E+02 8.676E+02 8.673SE02 8.671E+02 8.668E+02

IY= 4 8.655E+02 8.648E+02 8.653E+02 8.652E+02 8.649E+02

lY= 3 8.635E402 8.634E+02 8.638E+02 8.629E+02 8.616.+02

Iy= 2 8.618E+02 8.544E+02 8.454E-02 8.254E+02 8.073E+02

IY= 1 7.003E+02 5.741E+02 4.617E+02 3.128E+02 2,181E+02
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IZ= 6 7 8 9 10
-Y=25 8.885E+02 8.884E+02 8.884E+02 8.884E+02 8.884E+02

IY=24 8.884E+02 8.884E+02 8.884E+02 8.884E+02 8.883E+02

IY=23 8.884E+02 8.884E+02 8.883E+02 8.883E+02 8.882E+02

IY=22 8.884E+02 8.883E+02 8.882E+02 8.882E+02 8.881E+02

IY=21 8.883E+02 8.882E+02 8.881E+02 8.880E+02 8.878E+02

I1Y=20 8.882E+02 8.881E+02 8.878E+02 8.877E+02 8.875E+02

IY=19 8.881E+02 8.879E+02 8.875E+02 8.872E+02 B.869E+02

1Y=18 8.879E+02 8.876E+02 8.869E+02 8.865E+02 8.860E+02

IY=17 8.877E+02 8.871E+02 8.861E+02 8.855E+02 8.848E+02

IY=16 8.873E+02 8.864E+02 8.849E+02 8.840E+02 8.830E+02

lY=15 8.866E+02 8.852E+02 8.832E*02 8-819E+02 8.806E+02

IY=14 8.856E+02 8.836E+02 8.808Z+02 8.793E+02 8.777E+02

1Y=13 8.841E+02 8.813E+02 8.779E+02 8.762E+02 8.746E+02

IY=12 8.819E+02 8.783E+02 8.747E+02 8.730E+02 8.717E+02

NYa11 8.788E+02 8.749E+02 8.7175+02 8.704E+02 8.695E+02

IYZIO 8.750E+02 8.715E+02 8.693E+02 8.685E+02 8.682E+02

IYD 9 8.712E+02 8.688E+02 8.677E+02 8.675E+02 8.676E+02

IYs 8 8.6825+02 8,672E+02 8.669E+02 8.670E+02 8.672E+02

IyM 7 8.666E+02 8.665E+02 8.665E+02 8.667E+02 8,670E+02

Zly 6 8.662E+02 8.663E+02 8.6649+02 8.666E+02 8.668E+02

IYm 5 8.667E+02 8C668E502 8.668E+02 8.671E*02 8.672E402

lym 4 8.6486+02 8.648E+02 8.6480+02 8.651E+02 8.651+E02

IY- 3 8.606E502 8.598E+02 8.591E+02 8.585+E02 8,584E+02

lYe 2 7,931+02 7.818E+02 7.117E+02 7.6205E02 7.618E+02

IYU I 1.725=+02 1.564E+02 1.519E+02 I.SIOE÷02 3.734E+02

11 12 13 14 15

IYe2S 8.884E+02 8.884E+02 8,884E+02 8.884E+02 8.884£+,02

IY124 8.8835+02 8.883E+02 8.883E+02 8.883E+02 8.883E+02

IY=23 8.082E+02 8.882E+02 8.882E÷02 8.882E+02 8.883E+02

IY=22 86881E+02 8.881E+02 8.881E.02 8.881E+02 8.801L+02

ZY=21 8.878E+02 8.878E+02 8.878E+02 8.879E+02 8.8795+02

ly=20 8.874E+02 8.874E+02 6.874E+02 8.875E+02 8.8761C02

1Y=19 8.869E+02 8.868E+02 8.868E+02 8.6699g02 e.871)E02

IY=18 8.460E+02 8.859E+02 8.858E+02 8.860E+02 8.862X4'2
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IY=17 8.847E+02 3.845E+02 8.845E+÷2 8.846E+02 8.849E+02

1Y=16 8.828E+02 8.826E+02 8.85E02 8.826E+02 8.331E402

IY=15 8.804E+02 8.802E+02 8.800E+02 8.801E+02 8.807E+02

IY=14 8.774E+02 8.772E+02 8,770E+02 8.770E+02 8.778E+02

IY=13 8.743E+02 8.741E+02 8.741E+02 8.740E+02 8.750E+02

IY=12 8.715E+02 8.715E+02 8.716E+02 3.716E+02 8.7279+02

IY=11 8.596E+02 8.697E+02 d.700E+02 8.700E+02 8.7121+02

IY=10 8.684E+02 8.687•+02 8.691E+02 8.692E+02 8.703C+02

IY= 9 8.678E+03 8.682E+02 8.637E+02 8.689E+02 8.700E+02

IY= 8 8.676E+02 8.680E+02 8.685E+02 8.687E+02 8,697E+03

IY= 7 8.673E+02 8.677E+02 8.683E+O0 8,681E+02 8.695S+02

IY= 6 8.671E+02 8.6751+03 8.681E+02 8.686E+02 8,698E+02

IY= 5 8.675E+02 8.679E+02 8.688E+02 8.708E+02 8.734E+02

IYO 4 8.654E+02 8.658V+02 8.672D+OZ 8.7236÷02 3-75O+02

IY= 3 8.574E+02 4.5764+02 8.5940+02 8.700E÷02 8.659E+02

ayz 2 7.50?E÷02 7.4808+02 7.478E4-02 7.702E+02 7.61fiE+02 -

lyr 1 2.•71E•02 Z.643E+02 2.470.+02 4."63S+02. 4C4479-1+01,

1Z2 16 17 is 19 20

IYO25 8.870+42
IM42 a,759&+02

IM-Y3 8.544I"02

ItY-22 8.2$7E+02

1YU21 7.91)r*02

Zyatz0 7.530t1*03
IY*19 7. ,1•2£+0z

IYk18 6.729.+02

Iy~w17 63no
IY215 6 S.92"1 +42

IYV15 S.!31E+02

IY=13 4.772E?02

Iy=la 4.43,E+02

1Y=11 4.136E+02
ly=*,O 3.8177£÷02

lY= 9 3.G5ZE•0a
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I
IY= 8 3.452E+02

IY= 7 3.271E+02

Iy= 6 3.107E+02

Iy= 5 3.023E+02

IY: 4 3.040E+02

IY: 3 3.097E+02

Iy= 2 2.879E+02

IYM 1 1.642E+02

IZ= 21

FIELD VALUES OF WCRT

IY=25 8.885E+02 8.885E+02 .8.885E+02 8.885E+02 8.885E+02

IY=24 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=23 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=22 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=21 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=20 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=19 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=18 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=17 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=16 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=15 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=14 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=1-3 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=12 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=11 8.885E+02 8.885E+02 8.885E+02 8,885E+02 8.885E+02

IY=10 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY= 9 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.884E+02

IY= 8 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.883E+02

XY=.7 8.885E+02 8.885E+02 8.885E+02 8.884E+02 8.877E+02

Iy= 6 8.885E+02 8.885E+02 8.885E+02 8,881E+02 8.8555E02

IY= 5 8.885E+02 8.885E+02 8.884E+02 8.876E+02 8.786E+02

IYtz 4 8.885E+02 8.885E+02 8+884E+02 8.874E+02 8.729E+02

IYm 3 8.885E+02 0,885E+02 8.884E+02 8.873E+02 8.68tE+02

IY= 2 8.885E+02 8.885E+02 8.884E+02 8.873E+02 8.661E+02

IY= 1 8.885E+02 8.885E+02 8.884E+02 8.873E+02 8.655E+02
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IZu 1 2 3 4 5

IY=25 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=24 8.885E+02 8.885E+02 8.385E+02 8.885E+02 8.885E+02

IY=23 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY-22 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=21 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=20 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.884E+02

1Y=19 8.885E+02 8.885E+02 8.885E+02 8,885,+02 8.884E+02

IY=18 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.884E+02

IY=17 3.885E+02 8.885E+02 8.885E+02 8.884E+02 8.883E+02

IY=16 8.885E+02 8.885E+02 8.885E+02 8.884E+02 8.882E+02

IY=15 8.885Z+02 8.885E+02 8.884E+02 8.883E+02 8.880E+02

IY=14 8.885E+02 8.885E+02 8.884k+02 8.882E+02 8.875E+02

IY=13 8.885E+02 8.885E+02 8.883E+02 8.879E+02 8.868E+02

IY=12 8.885E+02 8.884E+02 8.881E+02 8.873E+02 8.855E+02

1Y=11 8.885E+02 8.884C+02 8.877E+02 8.862E+02 8.833E+02

1YZIO 8.8845+02 8.882E+02 8.869E+02 8.842E+02 8.800E+02

IY= 9 8.883E+02 8.877E+02 8.852E+02 8.808E+02 6.755E+02

IY= 8 8.878E+02 8.8659+02 8.817E+02 8.757D+02 8.705E+02

Ily 7 8.862E+02 8.831E+02 8.758E+02 8.697E+02 8.663E+02

IYR 6 8.808E+02 8.747E+02 8.681E+02 8.652E+02 8.643E+02

IYa 5 8.711E+02 8.670E+02 8.656E+02 8.649E+02 8,647E+02

IYm 4 8.653E+02 '8.631E+02 8.632E+02 8.630E+02 8.628E+02

lYu 3 8.622E+02 8.613E+02 8.617E+02 8.607E+02 8.595E+02

fiy 2 8.600E+02 8.523E+02 8.433E+02 8.234E+02 8.053E+02

USY 1 6.986E+02 5.727E+02 4.606E+02 3.120E+02 2.176E+02

IZZ 6 7 8 9 10

fe2S 8.885E+02 8.884E+02 8.884E+02 8.884E+02 8.884E+02

.IY24 8.8855+02 8.884E÷02 8.884E+02 8.884E402 8.883E+02

IY=23 8.885E+02 8.884E+02 8.884E+02 8.883E+02 8.883E+02

IY=22 8.894C+02 8.084E+02 8.883E+02 .,882E+02 8.881E+02

lYm21 8.884E+02 8.883E+02 8.882E+02 8.881E+02 8.879E+02

OY*20 8.884E+02 8.882E+02 8.8809+02 8.878E+02 8.876E+02

IY=19 8.883E+02 8.881E÷02 8.877E+02 8.874E+02 8.871E+02

IYu18 6.882E+02 8.879E+02 8.872E+02 8.867E+02 8.862E+02
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IY=17 8.880E+02 8.874E+02 8.864E+02 8.857+02 8.849E+02

IY=16 8.877E+02 8.868E+02 8.852E+02 8.842E+02 8.831E+02

Iys15 8.872E+02 8.857E+02 8.835E+02 8.821E+02 8.806E+02

I'1=14 8.862E+02 8.840E+02 8.811E+02 8.792E+02 8.775E+02

IY=13 8.848E+02 8.817E+02 8.780E+02 8.759E+02 8.740E+02

IY=12 8.825E+02 8.786E+02 8.745E+02 8.723E+02 8.707E+02

IY=11 8.793E+02 8.748E+02 8.711E+02 8.693E+02 8.682E+02

1Y=IO 8.752E+02 8.710E+02 8.682E+02 8.670E+02 8.665E+02

I¥= 9 8.709E+02 8.677E+02 8.662E+02 8.657E+02 8.656E+02

IY= 8 8.671E+02 8.656E+02 8.650E+02 8.650E+02 8.652E+02

IY= 7 8.649E+02 8.645E+02 8.645E+02 8.646E+02 8.649E+02

Iyq 6 8.641E+02 8.642E+02 8.6429+02 8.645E+02 8.647E+02

IY=.5 8.646E+02 8.647E+02 8.647E+02 8.650E+02 8.651E+02

IY= 4 8.627E+02 8.627E+02 8.627E+02 8.630E+02 8.630E+02

IY= 3 8.585E+02 8.577E+02 8.570E+02 8.564E+02 8.563E+07

IY=2 7.912E+02 7.799E+02 7.698E+02 7.601E+02 7.599E+02

SIY 1 1.721E+02 1.5609+02 1,515E+02 1.506E+02 3.725E+02

,IZ= i 12 13 14 15

IY=25 8.884E+02 8.884E+02 8.884E+02 8.884E+02 8.884E+02

IY*24 8.883E+02 8.883E+02 8.883E+02 8.883E+02 8.883E+02

IY-23 8.882E+02 8.882E+02 8.882E+02 8.882E+02 8.883E+02

IYu22 8.881E+02 8.881E+02 8.881E+02 8.881E+02 8.881E+02

IY-21 8;8'9E+02 8.879E+02 0.879E+02 8,879E+02 8.879E+02

IY=20 8.875E+02 8.875E+02 8.875E+02 8.875E+02 8.876E+02

XYC19 8.870E+02 8.869E+02 8.869E+02 8.869E+02 8.871E+02

IYa18 8.861E+02 8.860E+02 8.860E+02 8.859E+02 8.862E+,02

IY-17 8.848E+02 8.846E+02 8.845E+02 8.845E+02 8,849E+02

IY*16 8.828E+02 8.826E+02 8.825E+02 8.825E+02 8.831E+02

IY'15 8.802E+02 8.800E+02 8.798E+02 8.798E+02 8.807E+02

SIY=14 8.770E+02 8.767E+02 8.765E+02 8.766E+02 8.778E+02

1Ym13 8.735E+02 8.732E+02 8.731E+02 8.734E+02 8.750E+02

IY=12 8.703E+02 8.702E+02 8.703E+02 8.707E+02 8.727E+02

IYm11 8.680E+02 8.681E+02 8.683E+02 8.689E+02 8.712E+02

SIY=IO 8.666E+02 0.668E+02 8.672E+02 8.680E+02 8.703E+02

XY= 9 8.659E+CZ a.662E+02 8.667E+02 8.675E+02 8.700E+02
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"Ye 8 8.655E+02 8.659E+02 8.664E+02 8.673E+02 8.697E+02

TYw 7 8.652E+02 8.656E+02 8.662E+02 8.671E+02 8.695E+02

-Y= 6 8.650E+02 8.654E+02 8.660E+02 8.671E+02 8.698E+02

IY= 5 8.654E+02 8.658E+02 8.667E+02 8.692E+02 8.734E+02

-Yz 4 8.632E+02 8.637E+02 8.651E+02 8.707E+02 8.750E+02

lY= 3 8.553E+02 8.555E+02 8.573E+02 8.685E+02 8.659E+02

lYe 2 7.488E+02 7.462E+02 7.460E+02 7.689E+02 7.616E+02

_y: 1 2.871E+02 2.636E+02 2.464E+02 4.855E+02 4.447E+02

IZ= 16 17 18 19 20

IY=25 8.884E+02

IY:24 8.884E+02

IY=23 8.884E+02

lYQ22 8.885E+02

IY=21 8.8u5E+02

IY=20 8.887E+02

IY=19 8.8R8E+02

IY='8 8.891E+01

IY=17 8.894E+02

IY=16 8.897E+02

MY15 8.898E+0'K"

IY=14 8.e96E+02

IYU13 8.889E+02

IYM12 8.879E+02

IYlil 8.870E+02

ZYmIO 8.862F+02

IYe 9 8.857E+02

I aY8 8.853,+02

I. Y 7 8.35OE+02

IY= 6 8.845E+02

lYe 5 8.801+E02

IY¥ 4 8.599E+0Z

* IYg 3 8.256E+02

lye 2 7.353E+02

Iye 1 4.175E+02

1Za 21
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FIELD VALUES OF P1

1Y=25 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=24 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=23 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=22 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=21 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=20 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=19 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

1Y=18 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY17 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=16 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

Yi15 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=14 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

1Y13 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=12 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=11 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=10 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY= 9 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY= 8 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.049E+05

IY= 7 1.048t+05 1.048E+05 1.048E+05 1.048E+05 1.050E+05

IY= 6 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.055E+05

IY= 5 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.063E+05

IY= 4 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.066E+05

IY= 3 1.048E+05 1.048E+05 1.048E+05 1.050E+05 1.067E+05

IY= 2 1.048E+05 1.048E+05 1.048E+05 1.050E+05 1.0676E+05

IY= I 1.048E+05 1.048E+05 1.048E+05 1.050E+05 1.067E+05

IZU 1 2 3 4 5

SY=25 1.048E+05 1.0486+05 1.048E+05 1.048E+05 1.048E+05

"IY=24 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

Iy= 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

"IY"22 1.048E+05 1.048E+05 1.0486+05 1.048E+05 1.048E+05

*IY21 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=20 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=19 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=18 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.049E+05
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IY=17 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.049E+05

IY=16 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.050E+05

IY=15 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.051E+05

IY=14 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.054E+05

IY=13 1.048E+05 1.048E+05 1.049E+05 1.051E+05 1.059E+05

,Y=12 1.048E+05 1.048E+05 1.049E+05 1.054E+05 1.069E+05

IY=11 1.048E+05 1.049E+05 1.050E+05 1.061E+05 1.088E+05

IY=10 1.048E+05 1.049E+05 1.053E+05 1.075E+05 1.122E+05

Iy= 9 1.049E+05 1.052E+05 1.061E+05 1.105E+05 1.180E+05

IY= 8 1.051E+05 1.060E+05 1.082E+05 1.164E+05 1.265E+05

IY= 7 1.060E+05 1.087E+05 1.141E+05 1.266E+05 1.360E+05

1y= 6 1.096E+05 1.179E+05 1.282E+05 1.390E+05 1.421E+05

IY 5 1.208E+05 1.351E+05 1.408E+05 1.415E+05 1.419E+05
IY= 4 1.301E+05 1.411E+05 1.429E+05 1.417E+05 1.418E+05

Iy= 3 1.375E+05 1.431E+05 1.432E+05 1.417E+05 1,417E+05

IY= 2 1.414E+05 1.434E+05 1.432E+05 1.417E+05 1.417E+05

.Ym 1 1.424E+05 1.432E+05 1.430E+05 1.416E+05 1.416E+05a..

IZ= 6 7 8 9 10

IY=25 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.049E+05

1Y=24 1.048E+05 1.048E+05 1.049E+05 1.049E+05 1.050E+05

SIY=23 1.048E+05 1.048E+05 1.049E+05 1.050E+05 1.051E+05

IY=22 1.048E+05 1.049E+05 1.049E+05 1.051E+05 1.052E+05

IY221 1.048E+05 1.049E+05 1.050E+05 1.053E+05 1.055E+05

IY=ZO 1.049E+05 1.049E+05 1.052E+05 1.056E+05 1.059E+05

" IY=19 1.049E+05 1.050E+05 1.054E+05 1.061E+05 1.066E+05

IY=18 1.050E+05 1.052E+05 1.059E+05 1.070E+05 1.077E+05

IY=17 1.051E+05 1.056E+05 1.066E+05 1.083E+05 1.095E+05

IY=16 1.053E+05 1.061E+05 1.077E+05 1.103E+05 1.120E+05

* IY=15 1.057E+05 1.071E+05 1.096E+05 1.133E+05 1.156E+05

IY=14 1.064E+05 1.037E+05 1.124E+05 1.174E+05 1.203E+05

IY=13 1.078E+05 1.112E+05 1.164E+05 1.225E+05 1.259E+05

IY=12 1.100E+05 1.151E+05 1.217E+05 1.283E+05 1.315E+05

IY=11 1.137E+05 1.206E+05 1.278E+05 1.338E+05 1.362E+05

IY=10 1.193E+05 1.273E+05 1.340E+05 1.381E+05 1.396E+05
IY= 9 1.268E+05 1.342E+05 1.387E+05 1.408E+05 1.413E+05
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1Y= 8 1.347E+05 1.395E+05 1.414E+05 1.420E+05 1.419E+05

IY= 7 1.405E+05 1.420E+05 1.423E+05 1.422E+05 1.420E+05

IY= 6 1.424E+05 1.423E+05 1.423E+05 1.422E+05 1.419E+05

Iy= 5 1.423E+05 1.424E+05 1.423E+05 1.422E+05 1.418E+05

IY= 4 1.422E+05 1.424E+05 1.423E+05 1.422E+05 1.417E+05

IY= 3 1.422E+05 1.424E+05 1.423E+05 1.422E+05 1.416E+05

Iy= 2 1.422E+05 1.424E+05 1.423E+05 1.422E+05 1.415E+05

Iy= 1 1.421E+05 1.424E+05 1.423E+05 1.422E+05 1.417E+05

IZ= 11 12 13 14 15

IY=25 1.050E+05 1.050E+05 1.050E+05 1.050E+05 1.050E+05

IY=24 1.050E+05 1.050E+05 1.050E+05 1.050E+05 1.050E+05

IY=23 1.051E+05 1.052E+05 1.052E+05 1.052E+05 1.052E+05

IY=22 1.053E+05 1.054E+05 1.054E+05 1.054E+05 1.054E+05

IY=21 .1.057E+05 1.057E+05 1.058E+05 1.058E+05 1.058E+05

IY=20 1.063E+05 1.063E+05 1.064E+05 1.064E+05 1.065E+05

IY=19 1.072E+05 1.073E+05 1.074E+05 1.075E+05 1.075E+05

IY=18 1.086E+05 1.088E+05 1.090E+05 1.091E+05 1.092E+05

IY=17 1.108E+05 1.111E+05 1.113E+05 1.115E+05 1.117E+05

IY=16 1.139E+05 1.143E+05 1.147E+05 1.150E+05 1.152E+05

IY=15 1.181E+05 1.187E+05 1.192E+05 1.195E+05 1.197E+05

IY=14 1.233E+05 1.240E+05 1.245E+05 1.249E+05 1.250E+05

IY*13 1.289E+05 1.295E+05 1.300E+05 1.302E+05 1.300E+05

IY-12 1.340E+05 1.344E+05 1.347E+05 1.346E+05 1.341E+05

IY=11 1.379E+05 1.381E+05 1.380E+05 1.377E+05 1.368E+05

IY=10 1.403E+05 1.402E+05 1.399E+05 1.393E+05 1.382E+05

IYu 9 1.414E+05 1.411E+05 1.406E+05 1.399E+05 1.386E+05

1Ym 8 1.417E+05 1.413E+05 1.407E+05 1.399E+05 1.387E+05

IY= 7 1.417E+05 1.4125+05 1.407E+05 1.399E+05 1.386E+05

IY= 6 1.416E+05 1.412E+05 1.407E+05 1.398E+05 1.382E+05

ZY= 5 1.417E+05 1.414E+05 1.408E+O5 1.393E+05 1.347E+05

IY= 4 1.4189+05 1.415E+05 1.408E+05 1.383E+05 1.278E+05

Iy= 3 1.419E+05 1.416E+05 1.408E+05 1.371E+05 1.159E+05

IY= 2 1.420E+05 1.416E+05 1.408E+05 1.365E+05 1.063E+05

IY= 1 1.419E+05 1.415E+05 1.407E+05 1.374E+05 1.042E+05

IZ= 16 17 18 19 20
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IY=25 1.050E+05 1.049E+05

1Y=24 1.050E+05 1.049E+05

1Y=23 1.051E+05 1.049E+05

IY=22 1.054E+05 1.049E+05

IY=21 1.057E+05 1.049E+05

_Y=20 1.063E+05 *1.04§E+05

IY=19 1.073E+05 1.049E+05

IY=18 1.088E+05 1.049E+05

IY=17 1.111E+05 1.049E+05

IY:16 1.142E+05 1.049E+05

IY=15 1.183E+05 1.049E+05

IY=i4 1.229E+05 1.049E+05

IY=13 1.272E+05 1.049E+05

IY=12 1.307E+05 1.049E+05

1Y=11 1.3305+05 1.,049E+05

IY=10 1.3415+05 i.049E+05

1Yy 9 1.345E+05 1.049E+05

IY- 8 1.345E+05 1.049E+05

IYm 7 1.344E+05 1.049E+05

IYw 6 1.337E+05 1.049E+05

IYu 5 1.275E+05 1.049E+05

IYa 4 1.185E+05 1.049E+05

IY- 3 1.088E+05 1.047E+05

IY 2 1.061E+05 1.026E+05

IY= 1 1.060E+05 8.849E+04

IZ= 21 22

FIELD VALUES OF PP (density)

XY=25 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=24 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

,Y*23 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=22 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

*IY*2 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.83SE+OO

IY=20 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

"Y219 1.835+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY*20 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00
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IY=17 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=16 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=15 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=14 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=13 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=ia 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=11 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=10 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY= 9 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.836E+00
IY= 8 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.836E+00

IY= 7 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.838E+00

IY= 6 1.835E+oo 1.835E+00 1.835E+00 1.836E+00 1.844E+00

IY= 5 1.835E+00 1.835E+00 1.835E+00 1.837E+00 1.855E+00

IY= 4 1.835E+00 1.835E+00 1.835E+00 1.837E+00 1.859E+00

Iy= S 1.83E 0 1835E+00 1.835E+00 1.837E+00 1.860E+00

IY= 2 1.835E+00 1.835E+00 1.835E+00 1.837E+00 1.860E+00.

IY= 1 1.835E+00 1.835E+00 1.835E+00 1.837E+00 1.860E+00

IZ= 1 2 3 4 5

IY=25 1.835E+oo 1.835E+00 1.835E+00 1.835E+00 1.835E+00IV IY=24 1.835E+00 1,835E+00 1.835E+00 1.835E+00 1.835E+00

IY=23 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=22 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=21 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=20 1.835E00 1.835E+00 1.835E+00 1.835E+00 1.836E+00

IY=19 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.836E+00

IY=18 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.836E+00

IYm17 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.836E+00

IYM16 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.837E+00

IYS1S 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.839E+00

IY=14 1.835E+00 1.835E+00 1.836E+00 1.837E+00 1.843E+00

IY=13 1.835E+00 1.835E+00 1.836E+00 1.839E+00 1.849E+00

IY=12 1.835E+00 1.836E+00 1.836E+00 1.843E+00 1.862E+00

IY=11 1.835E+00 1.836E+00 1.838E+00 1.852E+00 1.887E+00

IY=O1 1.836E+00 1.837E+00 1.842E+00 1.870E+00 1.931E+00
IY= 9 1.837E+00 1.840E+00 1.852E+00 1.908E+00 2.004E+00
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IY: 8 1.840E+00 1.850E+00 1.879E+00 1.983E+00 2.109E+00

IY- 7 1.851E+00 1.886E+00 1.954E+00 2.110E+00 2.226E+00

IY= 6 1.897E+00 2.003E+00 2.131E+00 2.263E+00 2.300E+00

"ZY 5 2.039E+00 2.215E+00 2.284E+00 2.292E+00 2.297E+00

IY= 4 2.154E+00 2.288E+00 2.308E+00 2.295E+00 2.295E+00

1Y= 3 2.244E+00 2.3125E+00 2.312E+00 2.295E+00 2.295E+00

IY= 2 2.291E+00 2.315E+00 2.312E+00 2.295E+00 2.295E+00

IY I 2.3035E+00 2.313E+00 2.310E+00 2.293E+00 2.294E+00

IZ= 6 7 8 9 10

IY=25 1.835E+00 1.836E+00 1.836E+00 1.837E+00 1.837E+00

IY=24 1.835E+00 1.836E+00 1.836E+00 1.837E+00 1.837E+00

IY=23 1.835E+00 1.836E+00 1.836E+00 1.838E+00 1.839E+00

IY=22 1.836E+00 1.836E+00 1.837E+00 1.839E+00 1.840E+00

IY=21 1.836E+00 1.836E+00 1.838E+00 1.841E+00 1.844E+00
IY-aO 1.836E+00 1.837E+00 1.840E+00 1.8465+00 1.849E+00

IY=19 1.836E+00 1.838E+00 1.843E+00 1.852E+00 1.859E+00

IY=18 1.837E+00 1.841E+00 1.849E+00 1.863E+00 1.873E+00

IY=17 1.839E+00 1.845E+00 1.858E+00 1.880E+00 1.895E+00

IY=16 1.842E+00 1.852E+00 1.873E+00 1.906E+00 1.928E+00

IY15 1.847E+00 1.865E+00 1.897E+00 1.944E+00 1.974E+00

IY=14 1.856E+00 1.885E+00 1.933E+00 1.996E+00 2.033E+00

IYw13 1.873E+00 1.918E+00 1.984E+00 2.060E+00 2.102E+00

IY=12 1,903E+00 1.967E+00 2.050E+00 2.132E+00 2.171E+00

SIY=11 1.950E+00 2.036E+00 2.126E+00 2.199E+00 2.229E+00

IY=10 2.021E+00 2.119E+00 2.201E+00 2.252E+00 2.269E+00

IY= 9 2.113E+00 2.204E+00 2.259E+00 2.284E+00 2.290E+00

ZY= 8 2.210E+00 2.268E+00 2.291E+00 2.298E+00 2.297E+00

IY= 7 2.281E+00 2.298E+00 2.301E+00 2.300E+00 2.298E+00

IY= 6 2.303E+00 2.302E+00 2.302E+00 2.300E+00 2.297E+00

IY= S 2.302E+00 2.303E+00 2.302E+00 2.300E+00 2.296E+00

IY= 4 2.301E+00 2.303E+00 2.302E+00 2,301E+00 2.294E+00

IY= 3 2.301E+00 2.303E+00 2.302E+00 2.301E+00 2.293E+00

IY= 2 2.300E+00 2.303E+00 2,302E+00 2.300E+00 2,292E+00

Iy= 1 2.300E+00 2.303E+00 2.302E+00 2.300E+00 2.295E+00

IZ= 11 12 13 14 15

1
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IY=25 1.838E+00 1.838E+00 1.838E+00 1.838E+00 1.838E+00

IY=24 1.838E+00 1.838E+00 1.838E+00 1.838E+00 1.838E+00

IY=23 1.840E+00 1.840E+00 1.840E+00 1.840E+00 1.840E+00

1Y=22 1.842E+00 1.843E+00 1.843E+00 1.843E+00 1.843E+00

1Y=21 1.847E+00 1.847E+00 1.848E+00 1.848E+00 1.848E+00

1Y=20 1.854E+00 1.855E+00 1.856E+00 1.856E+00 1.857E+00

IY=19 1.866E+00 1.868E+00 1.869E+00 1.870E+00 1.871E+00

IY=18 1.884E+00 1.887E+00 1.889E+00 1.891E+00 1.892E+00

IY=17 1.912E+00 1.916E+00 1.919E+00 1.922E+00 1.924E+00

IY=16 1.952E+00 1.957E+00 1.962E+00 1.966:.+OO 1.968E+00

IY=15 2.005E+00 2.012E+00 2.018E+00 2.023E+00 2.025E+00

IY=14 2.070E+00 2.078E+00 2.085E+00 2.090E+00 2.091E+00

IY=13 2.140E+00 2.147E+00 2.153E+00 2.155E+00 2.153E+00

IY=12 2.202E+00 2.207E+00 2.210E+00 2.209E+00 2.203E+00

IY=I1 2.249E+00 2.251E+00 2.250E+00 2.246E+00 2.236E+00

IY=10 2.278E+00 2.277E+00 2.273E+00 2.266E+00 2.253E+00

IY= 9 2.291E+00 2.287E+00 2.281E+00 2.273E÷00 2.258E+00

IY= 8 2.294E+00 2.290E+00 2.283E+00 2.274E+00 2.258E+00

IY= 7 2.294E+00 2.289E+00 2.282E+00 2.273E+00 2.257E+06

IY= 6 2.294E÷00 2.289E+00 2.282E+00 2.272E+00 2.253E+00

IY= 5 2.295E+00 2.291E+00 2.284E+00 2.266E+00 2.211E+00

IY= 4 2.296E+00 2.292E+O0 2.284E+00 2.254E+00 2.125E+00

IY= 3 2.298E+00 2.294E+00 2.284E÷00 2.239E+00 1.977E+00

IY= 2 2.298E+00 2.294E+O0 2.284E+00 2.233E+00 1.854E+00

NyO 1 2.297E+00 2.292E+00 2.282E+00 2.242E+00 1.827E+00

1Z= 16 17 18 19 20

IY=25 1.838E+00 1.837E+00

IYm24 1.838E+00 1.837E+00

1Y=23 1.840E+00 1.837E+00

1Y=22 1.842E+00 1.837E+00

Y=21 1.847E+00 1.837E+00

IY20 1.855E+00 1.837E+00

IY=19 1.868E+00 1.837E+00

IY=18 1.887E+00 1.837E+00

IY=17 1.916E+00 1.837E+00
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IY=16 1.956E+00 1.837E+00

IY=15 2.007E+00 1.837E+00

IY=14 2.065E+00 1.837E+00

1Y=13 2.119E+oo 1.837E+00

XY=12 2.161E+00 1.837E+00

IY=11 2.189E+00 1.837E+00

IY=10 2.203E+00 1.837E+00

IY= 9 2.207E+00 1.837E+00

IY= 8 2.208E+00 1.837E+00

IY= 7 2.207E+00 1.837E+00

IY= 6 2.198E+00 1.837E+00

IY= 5 2.122E+00 1.837E+00

IY= 4 2.010E+00 1.837E+00

ZY= 3 1.886E+00 1.834E+00

IY= 2 1.852E+00 1.806E+00

lYm 1 1.851E+00 1.619E+00

IZ= 21 22

NMNNKKXNNNENMM KMNMMMNMNNKNMMNNXWNMMNNUNNMNMNKIMMMMMMMMMMN

USER,- NAME OF FILE CONTAINING FINAL FLOW FIELDS IS T1"

LAST SWEEP a 100

LAST STEP a 1

NMMMNMMMMMMKMMMMMNMMMKKMMNMMM1
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APPENDI~X

PROGRAM CALCULATES LAMINAR DISTRIBUTION QUANTITIES

C THIS PROGRAM CALCULATES CF,.ST.Q,,H OVER THE VANE FOR

C LAMINAR FLOW

REAL*S Y1 (20),Y2c20),H(20),W(20),ST(20),Q(2o),CF(20),RA(ao)

REAL*8 BZFRAC(2O),EMU,GPGP,PR,HWHCONC2O),RO(20)

REALMS REz(20),CFB(ao),Z(zo),TAW(2O),YO(2O),D1 (Zo)Da(ao)

REALMS P(20oPK(20),CW(20)1 zo(20),Vcao),TMP(20o)VXSC(2o)

INTEGER IZ

GH=6.4E-03

GD=10*GH

GL=95 .2E-03

GTL=1.24MGL

:2 GBETA=4.

GBETA=GBETA*3. 141 5927/1SO

GTABuTAN CGEETA)

DELMAX=2.E-03

¾ GNBL25.

EMUO . SE-OS

RC-Em1.835

PEm1 .048E+05

WE*888.S

RUUw . 5*ROEowWEMIK2

C RUUMROEiWEN*2

S.. GAMA=1.35

RW=287.
CP:GAMA*RW/(GAMA-1.)

* )IW=323.*CP

H0=555 .5CP

PR=0.7

GPCPOEMU/PR
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DO 10 lZzl,6

Yl(IZ)=(1./S. )IEGPWRNDL'LHA

Y2(IZ)=(2./5. )N*GPW1R3DELIIA.X

1O CONTINUE

BZFRAC(1 )42.373E-3

DO 66 1Z=28

66 BZFRAC( IZ)=42. 373Z-3+BZMRC(IZ-1)

DO 67 1Z=9,14

67 BZFUACCIZ)=84.75E-3+BZFRAC(IZ-1)

DO 68 IZ=15,16

68 BZFRAC(IZ)=42.73E-3+BZPRAC(IZ-1).

DO 69 XZZ17920

69 BZFRAC(IZ)=11 .295E-3+BZFRAC(IZ-1)

DO 20 1Zrn6#20

Y1 (IZ)=Y1(1 )*(GD-(BZFRAC(IZ)-BZFlRACC5) )*GTABMOTL).9GD

Y2(IZ)'Y2(1 )EOD-UIZFRACCIZ)-BZFRAC(5))*GTABXOTL),'GD

Z(!Z)a(BZF1IAC(IZ)-BZFRAC(5))XGTL

TP(IZ)*(HCZ)-W(ZZ)NN2,/2.-V(XZ)M*2/2. )'-CP

IPC(TMP(,lZ)*LT,150.) ThP(ZZ)u)SO
* .VISC(XZ)*1 .716E-GSMN(TNP(IZ)t273. )NWO.666

XM( ISC(MZ L.M.SE-05) WISC(1Z)N.ac'OS

TAW(IZ)m2MV1SC'C1Z)KW(XZ)/(Y1 CZZ))

CF(IZ)ftTAW(IZ)RUU

..CW( %Z)ARO(rZ)/ROE)McVxsccXz)-*EMU)

PK( ZZ)OP(lZ)/PE

AEZ C -V XO (1 MZMWEZ (1 IZ)VISC(iz)

C CM (%Z)no. 664tSQRZ( REZ (1z)

20 ( M SQRT (PK MI) *CW (12)d'k(I Z))

CFBCIWO ý664MZ0(I)

ST(IZ)=QC IZ)/(ROEMWEMCO .9wK0O-NW))

.KCONC IZ)=ROEMWEMCP*STC XZ)

C WRITEC8,19) Z(IZ)oCF(IZ)
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C W~RITE(8,27) Z(XZ),ST(IZ)

C WRITE(8,21) ZkIZ)3Q(IZ)

C 1RITE(8,-22) Z(IZ),RA(CNIZ)

C WRITE(8,24) Z('IZ),CFB(IZ)

C W~RITE(8,24) RZ(IZ),CFB(IZ)

20 CONTINUE

12 FORNAT(3XElO.3,3XE10.3,3XE10.3,3X,E10O3o3XElO.3)

C 19 FORMA~T(3XElO.3,3XtElO.3)

C 27 FORMAT(3X,EIO.3,3X,ElO.3)

C 21 FORZ'AT(3X,ElO.3,3X.EIO.3)

22 FORMAT(3X,E1O.3,3XPE10.3)

C 23 FORriATIcLzX,E10.3.,3XEIO.3)

C 24 FORMAT(3XX,E2O.3,3X,~1O.3)

C 28 FORMAT P:EI 2.5,3X, El2.5)

STOP

END

IN
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APPENDIX E
SATELITE PROGRAM OF PHOZ EiCS USED IN TURBULENT FLOW ANALYSIS

C$DIRECTIVE'EKSATLIT

C NZ-22 NY=25 YN-GHW

S *FILE NAME. MODBFCST.MTi

C *ABSTRACT& SATELLITE MODEL MAIN PROGRAM. THIS VERSIO3 IS

C FOR USE WITH THE BODY-FITTED COORDINATE SCHEME (SUMMER 1984

-* c VERSION) PROVIDED AS AN ATTACHMENT TO SPRING 1983 PHOENICS.

0C XDOCUMENTATIONa PHOENICS INSTRUCTION MANUAL (SPRING 1983)

C WITH BODY-FITTED COORDINATES INSTRUCTION SUPPLEMEN T

C (SUMMER 1984).

C IIAUXILIARY SUBROUTINES (TAPES, ETC.) ARE IN SATELLITE LIBRARY

SC SERVICEU, WHICH MUST BE INCLUDED IN LINK EDIT TU RUN.

CXX X •STANDARD SECTION 1 STARTS&

C--------------------------------------- ---------------------
CHAPTER 1 COMMON BLOCKS AND USER'S' DATA.

Cw- - - - - - - -WW-W -- - - - - - - - - - - - - ----------------ooooo

INCLUME (CMNGUS)

INCLUDE (CHNORF)

INCLUDE (GUSSEQ)

COMZONCPI/IPWRIT, IDUN(243)

DIMENSTON GDTAPE(3), DFAULT.4)

DIMENSION ARRAY1 (309),ARRAY2(194),ARRAYM'4a4--"

LOGICAL ARRAYl,LSPDAWRTRD,NANLST

* INTEGER ARRAY2 XPLANEYPLANE, ZPLANE

UITEGER P1 ,PPUI,UU2,V1 ,V2,W1 .WZR1.R2,RS*EP,1 ,H2,H3,C1 ,C2,

&C3, C4

REAL NORTHLOW

LOGICAL BFC

EQUIVALENCE (ARRAY1(1),CARTES),(ARRAY2(1)dNX)

EQUIVALENCE (ARRAY3(1),SPARE1(1))•(MI,R1),(ZPR2)

EQUIVALENCE CLSTRU•,INTGR(12)), (MAtLSTLOGIC(68))
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EQUIVALENCE (LOGIC(2O) ,BFC)

CX)OCOOOXX)COOOOOOOOCXXXXXXXXIOOCOOOXXXIO(X STANDARD SECTION 1 ENDS.

C$DIRECTIVEXMCMNBF1 $$

C THIS FILE CONTAINS SATELLITE COMMON BLOCKS FOR' BFC'S

C Fl MUST BE DIMENSIONED TO GREATER THAN OR EQUAL TO

C (NX+NY+1 7*NZ+24KNX)INY+6*(NX+l )*(NY+1 ) +b3ND). THE VALUE

C OF THE DIMENSION MUST BE SET AS NBFC IN GROUP 6 OF SATLIT.

COMMON/FOB/Fl (5000)

COMMON/CIB/ND/CXC/KOCRD

COMMON/CID/KDBGG , DBGMF, KDBGCD, KUBIND, KDBMFX, KDBCDT, KDBPCS,

& XDBGUV,KDBGPV

COMMON/CIE/KDBQS, KDBINS

COMMON/CIF/IGEN/CIG/NCART

C THE FOLLOWING ARRAYS MUST BE EXACTLY DIMENSIONED FOR NXP1,,

C NYPI AND NZPl, BUT MAY BE OVER DIMENSIONED FOR ND.

C THE BFRAC ARRAYS MUST BE DIMENSIONED TO ALLOW FOR SETTINGS

C IN SATLIT,, THEY MAY BE OVER DIMENSIONED.

COMMON/-CRA/XW (26, 23, 1 ) /CRB/XE (26,,23,, 1)

& /CRC/YS(2o23,t)'RD/YN(2,2.3,1)

& /CRE/ZL(2,26,1)/CRF/ZI*(2,26o1)

& /CRG/RCON/CRH/DARCY/CRI/BXFRAC(99 )/CRJ/BYPFRA C(99)

& *,CRK/BZFRAC(g9)

COMMON/CLA/STORSA(6)oSTORWD (6) ,STORP, STORPE,,STORPN,ý

& STORPH ,STORI ,STOR2D STOR3, STOUMV. PRTBFC, STOCRN

COMMON/CLC/BFPLOT

* . LOGICAL STORP, STORPE. STORPN STORPH. STORlSTOR2,STOR3,

& STORSA.STORWDjSTOUW, PRTBFC.BFPLOTSTOCRN

C END

CXXXXXXXXXXCXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER SECTION I STARTS a

C GRAFFIC ARRAYS DIMENSIONED AS NEEDED...

COMMON/GHAFI/PHI1 (1) IGRAP2/PH12(l)

C POROSITY & SPECIAL DATA ARRAYS DIMENSIONED AS NEEDED...

1 DIMENSION PE(l,1,1),PN(lo,l,),PH(I.,l1),PC(1,1,1)

DIMENSION LSPDA( 1) ISPDA( 1), RSPDA( 1)

C USER PLACES HIS VARIABLES* ARRA'YSo EQUIVALENCES ETC. HERE.
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EQUIVALENCE(RAIR, RE(21)),(GAMARE(22)),(GSWP,RE(23))

C USER PLACES HIS DATA STATEMENTS HERE.

DATA NLSP,NISPPNRSP/1,1,1/

CXXXXXXXXXIIXXXUXXXXXXXXXXXXXXXXJDOOO USER SECTION 1 ENDS.

CXXXXXXXXXXXXXXXXXXXXXXXXXXX OOCOOOCOC STANDARD SECTION 2 STARTS:

C-----------------------------------------------------------

CHAPTER 2 SET CONSTANTS, AND ARRANGE FILE MANIPULATIONS.

C----------------------------------------------------------

C PLEASE DO NOT ALTER, OR RE-SET, ANY OF THE REMAINING

C STATEMENTS OF THIS CHAPTER.

DATA CELLEASTWEST, NORTHSOUTH,HIGH, LOW, VOLUME/

& 0.,1.,2.,3.,4.,5.,6.,7. /

DATA P1,PPoUl,U2,V1,V2,W1,W2,R1,R2,RS,KEEP,HlIH2,H3,CI,C2,

&C3,C4/1,2,3,4,5,6,7,8,9, 1,11,12,13,14,15,16,17,18,19,20/

DATA FIXFLUFIXVALONLYMS,WALL/1.E-10,1•.E1,O.O,-10.O/

DATA IPLANEXPLANEYPLANE,ZPLANE/O, 1,2,3/

DATA WRTRD,D,'7AULT/.TRUE., .FALSE. ,4HDEFA,4HILT.,4HDTA/,1HG/

DATA GDTAPE/4HGUSI,4HE1 . D, 2HTA/

DATA NLDATA,NIDATANRDATA/309,194,421/

DATA NLCEG, NTCVRG/60,350/

DATA TITPPTITCI,TITC2/3HRHO,4HMACH,4HMENP/

CALL TAPES(10, GDTAPE,3,1,4XNRDATA)

C --------------------------- READ DEFAULT FILE IF BLOCKDATA ABSENT

IFCINTGRl(29).NE.1O) GO TO 2

CALL WRIT40(4OHDATA ESTABLISHED IN BLOCK DATA. )

6G TO 3

2 CALL DEFLT

CD 2 CALL TAPES(1,DFAULT,4,2,4XNRDATA)

CD CALL DATAIO(RD,1)

CALL WRIT40(4OHDATA TAKEN FROM DEFAULT.DTA ON GROUP A/C)

3 CALL WRIT40(4OHFILE MODSTL.FTN IS THE SATLIT USED. )

LOGIC(89)=.TRUE.

C ••-----------------------------------------------------------

CHAPTER 3 DEFINE DATA FOR NRUN RUNS.

C ----------------------------------------------------------------
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CX •STANDARD SECTION 2 ENDS.

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJDU USER SECTION 2 STARTS :

C--- GROUP 41,-7LTI-RUtNS : RUN(1-30)<.T.,29A.F.>

C

RUN(1 )=.FALSE.

C NOTE: ALL RUNS ARE DEACTIVATED AT THIS POINT - USER SHOULD

C ==f= SWITCH ON ONE ONLY OF RbNS 1-4 IN NEXT STATEMENT.

RUN(1)-.TRUE.

CXXXXXXXXXXXXXUXXXXXXUXXXXXXXXXXXXXXUXfl USER SECTION 2 ENDS.

CXXXXXXXXXXXXXXX OCCXXXX STANDARD SECTION 3 STARTS:

DO 10 IRUN=I,30

IF(.NOT.RUN(IRUN)) GO TO 10
N NRUNfNRUN+I

LSTRUNfIRUN

10 CONTINUE

DO 999 IRUN•l,LSTRUN

IF(.NOT.RUN(IRUN)) GO TO 999

INTGR(11) = IRUN

CXXXXXXXXXXXXXXXXXXXXDXXXUXXXXXUUUXXX STANDARD SECTION 3 ENDS.

CXXXXXIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER SECTION 3 STARTSs

C--- ALL INTEGER VARIABLES ARE DEFAULTED TO O, AND REAL VARIABLES

C TO 0.0, UNLESS OTHERWISE XNDICATED.

C E.G. BY VARIABLE<0O> OR <10.0> AS APPROPRIATE.

C THE DEFAULT SETTINGS OF ALL LOGICAL VARIABLES ARE ALWAYS

C INDICATED, E.G. VARIABLE<.T.>, OR VARIABLE<.F.>.

C

C--- RUNI

C -------------------------------------- --------------

C--- GROUP 1. FLOW TYPE a

C PARAB<.F.>,CARTES<.T.>,ONEPHS<.T.>

C-------------------------- -------------------

C--- GROUP 2. TRANSIENCE a

C STEADY<.T.>,ATIME,LSTEP<1>,FSTEP<I>

C TLAST<I.E1O>,TFRAC(1-30)<30N1 .>

C SERVICE SUBROUTINE FOR 'NT' POWER-LAW TIME STEPSs
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C CALL GRDPWR(O,NT,TLAST,POWER)

C---------- - -------- ----------

C--- GROUP 3. X-DIRECTION a

C NX<1>,XUlAS•T<1 .O>,XFRAC(1-30)

C SERVICE SUBROUTINE FOR POWER-LAW GRID:

C CALL GRDPWR(1,NXXULAST,,POWER)

C --------------------------------------------------------

C--- GROUP 4. Y-DIRECTION

C NY<1>, YVLAST<1.0>),YFRAC(1-30),RINNER, SNALFA

C SERVICE SUBROUTINE FOR POWER-LAW GRID:

C CALL ORDPWR(2,NYWLASTPOWER)

NYA25

C --------------------------------------------------------

C--- GROUP 5. Z-DIRECTION ,

C NZ<I>,ZWLAST<1.0>, ZFRAC(1-30)

C SERVICE SUBROUTINE FOR POWER-LAW GRID:

C CALL dRDPWR(3,NZ, ZWLAST, POWER)

NZ=22

C --- --------------------- --------------------

C--- GROUP 6. MOVING GRID OR DISTORTED (BODY-FITTED) GRID

C --- MOVING GRID ,

C IW..RIDIZWlIZW2,AZWtBZW2,CZW2,PINT,,ZWMT

--------- ------------------- d------------------------------------------

C --- BODY-FITTED GRID

C BFC<.T.>PIGEN<1>,ND1I>,,NBFC<5000>,KOORDRCON

C BXFRAC(1-NX)<1.O,NXM1M0.0>

C BYFRACC1-NYXl.0,NYMl10.0>

C ZZFRAC(I-NZ)<1.0,NZM1X0.O>

C SERVICE SUBROUTINE FOR SUB-DOMAIN SPECIFICATION (FOR IGEN=I

C ONLY):

C CALL DOMAIN( ID, IXF, IXL, IYF, IYL, IZF, IZL)

C XE(1-NYPI,1-NZP1,1-ND)<(NYPlNZPIND)X1.o>,.

C XW(I-NYP1,1-NZP1,.1-ND)*

C YN(1-NXP1,1-NZP1,1-ND)<(NXP1MNZP1MND)M1.0>,

C YS(1-NXP1,1-NZP1,1-ND),
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C ZH(1-NXP1,1-NYP1,1-ND)<(NXPIXNYP1IND)I1.0>,

C ZL(1-NXP1,1-NYP1,I-ND),STORSA(1-6)<6X.F.>,STORWD(1-6)<6*.F. >,

C STORP<.F.>,STORPE<.F.>,STORPN<.F.>,STORPH<.F.>,STOUNV<.F.>,

C PRTBFC<.F.>,DARCY,BFPLOTC.F.>

C CYCLIC BOUNDARY CONDITIONS ARE DEFAULTED INACTIVE

C TO ACTIVATE THEM AT SELECTED IZ SLABS USE SERVICE SUBROUTINEs

C CALL XCYIZ(IZ,.TRUE.)

C SERVICE SUBROUTINE TO DEACTIVATE CURVATURE TERMS IN U, V

C AND W EQUATIONS ASSOCIATED WITH CURVATURE OF IX,, IYP IZ

C GRID LINES RESPECTIVELY:

C CALL UCURVE(IZ, .FALSE.)

C CALL VCURVE(IZ,.FALSE.)

C CALL WCURVE(IZ,.FALSE.)

C NCART<1>

C *WARNINGS I I I
C

C A) WHEN USING BFCS STOVAR(H3), STOVAR(C4), STOVAR(21) ARE

C AVAILABLE ONLY FOR STORING NON-ORTHOGONAL VELOCITY

C COMPONENTS.

C B) MULTI-RUNS ARE NOT ALLOWED WITH BFC OPTION.

i C C) MOVING GRID,TWO-PHASE AND PARABOLIC OPTIONS ARE NOT

C AVAILABLE WITH BFC OPTION.

C D) KE-EP TURBULENCE MODEL SHOULD BE USED WITH BFC'S ONLY

C WHEN THE MAIN FLOW IS IN THE IZ DIRECTION.

C E) BUILT-IN GRAVITY TERMS DO NOT TAKE ACCOUNT OF BFC'S.

C *NOTES
• I• C

C A) THE STANDARD VELOCITY-FIELD PRINTOUT FOR THE

C VELOCITY RESOLUTES IS ACTIVATED IN THE USUAL

C WAY. AN ADDITIONAL OPTION EXISTS FOR PRINTING THE

C CARTESIAN VELOCITY-COMPONENTS WHICH MAY BE

C ACTIVATED BY SETTING THE FOLLOWING LOGICALSt

C STOVAR(U2)=.T. FOR U-COMPONENT (CARTESIAN)

C STOVAR(V2)=.T. FOR V-COMPONENT (."ARTESIAN)

C STOVAR(W2)=.T. FOR W-COUPONENT (CARTESIAN)
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C SIMILARLY PRINTOUT OF NON-ORTHOGONAL VELOCITY

C COMPONENTS MAY BE ACTIVATED AS FOLLOWS:

C STOVAR(C4).T. FOR U-COMPONENT (NON-ORTHOG)

C STOVAR(H3)=.T. FOR V-COMPONENT (NON-ORTHOG)

"C STOVAR(21)=.T. FOR W-COMPONENT (NON-ORTHOG)

C B) BFC (TO ACTIVATE THE BFC OPTION), IGEN (THE CODE FOR METHOD

C OF GRID SPECIFICATION), ND (NUMBER OF SUB-DOMAINS) AND

C NBFC (THE Fl ARRAY DIMENSION), MUST BE SET BEFORE

C "STANDARD BSC SECTION 2".

C ALL OTHER BFC DATA MUST BE SET AFTER *STANDARD BFC

C SECTION 2. ==

C C) NXPl, NYPi, NZP1 STORE NX+1, NY+I, NZ+l; THESE ARE

C AVAILABLE TO USER AFTER STANDARD BFC SECTION 2.

C D) FOR IGEN=l USE BXFRACBYFRAC & BZFRAC IN PLACE OF

C XFRAC,YFRAC & ZFRAC.

C -------------------------- i-------------------------------------

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIOC)OC STANDARD BSC SECTION 1 STARTS&

C DEFAULT SETTINGS#

NCART= 10

BFC=,TRUE.

IGENul

ND=l

NBFC=5000

CXXX---XXXXXXXXXXXXXXXXXXXXXXXXXXXXX STANDARD BFC SECTION 1 ENDS.:

C KUSER SETS SF0, IGENs, ND AND NBFC HERE:

C

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX STANDARD BFC SECTION 2 STARTS:

CALL SB41(NXP1..NX+1,NYP1,NY+INZP1,NZ+II,O)

IF(BFC) CALL BFCDFT(NBFCXEXWYNYS,ZHZLNDNXP1,NYP1,

mNZPmNZ)

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXUUI STANDARD BFC SECTION 2 ENDS.

C KUSER SETS ALL OTHER BFC VARIABLES HERE:

C MUSING NONIFORM GRID 1-8

GH-=6.4E-3

GL95.2E-3
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GT=1 .24xGL

GBETA=4.

GBETA=GBETA*3.14l 5927/180

GTAB=TAN(GBETA)

DELMAX=2.E-3

GNBL5S.

GPWR-2.

DO 64 IY1,5S

64 BYFRAC(IY)=(FLOAT(IY)/GNBL)**GPWR*DELMAX/(10.*GH)

DEL=(l.-DELMAX/(1O.3EGH))/(FLOAT(NY)-GNBL)

DO 65 IY-6,NY

65 BYFRAC(IY)=BYFRAC(IY-1)+DEL

BZFRAC(1 )42.373E-3

"to. DO 66 IZ=2*8

66 BZFRAC(IZ)=42.373E-3+BZFRAC(IZ-1)

DO 67 IZ=9,14

67 BZFRAC(IZ)=84.75E-3+BZFRAC(IZ-1)

DO 68 IZ=15,16

68 BZFRAC(IZ)=42.373E-3+BZFRAC(IZ-1)

DO 69 IZ=17,22

69 BZFRAC(IZ)=t11.295E-3+BZFRAC(IZ-1)

* CALL DOMAIN(1,1,NX,1,NY1,PNZ)

DO 61 1X=1*NXP1

DO 62 IY=1,NYPI

ZL(IXXY,1)=0.O

62 ZH(IX#IY,1)=GTL

DO 63 IZ=1,NZPI

YN(IXIZ, 1)=1ONGH

63 YS(IX,IZ,1)=0.O

DO 663 IZ=6,20

663 YS(IX, IZ# 1 )2(ZFRAC(IZ-1 )-BZMflC(5) )*GTAB*GTLI DO 664 IIZ=21,22
664 YS(IXoIZp1)=YS(IX#20s1)

61 CONTINUE

STORSA(IFIX(LOW) )=.TRUE.
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STORSA(IFIX(HIGH))=.TRUE.

STORSA(IFIX(SOUTH) )=.TRUE.

STORWD(IFIX(SOUTH))=.TRUE.

PRTBFC--.TRUE.

CDAR DARCY-1 .El0

C ---------------------------------------------------------

C--- GROUP 7. BLOCKAGE: BLOCK<.F.>,IPLANEIPWRIT

C *SET CONSTANT POROSITIES OVER SUB-DOMAINS USING:

C CALL CONPOR(IR,TYPE,VALUEIXF,IXLIYFIYLIZF,IZL), WHERE:

C IR=RUN SECTION NUMBER, E.G. 1 FOR RUNI SECTION; 'TYPE' EAST,

C WEST, NORTH, SOUTH, HIGH, LOW & CELL. TVALUEt=WANTED POROSITY

C OVER REGION IXF,...IZL.

C kDIMENSION ARRAYS PE(NXNY,NZ), PN(NXNYNZ), PH(NXNY,NZ), &

C PC(NX,NY,NZ) ABOVE.

C XFOR FULLY-BLOCKED CELLS (IE. 'VALUE'= 0.0) USER NEED SET ONLY

C THE 'CELL' POROSITY (TO ZERO), AS CELL-FACE AREAS ARE THEN

C AUTOMATICALLY ZEROED.

C *FOR SATELLITE PRINTOUT OF ALL POROSITIES IN bOMAIN, 'IPLANE'-

C. XPLANE YPLANE OR ZPLANE, FOR DESIRED CROSS-SECTION DIRECTION.

C *FOR EACH 'TYPE' A MAXIMUM OF 10 CALLS TO CONPOR IS ALLOWED,

C BUT IF REQUIREMENTS EXCEED THIS PROVISION SET BLOCK=.T. &

C IPWRITm-I, AND SET POROSITY ARRAYS EXPLICITLY HERE AS WANTED.

C IN THIS CASE# THE USER M U S T SET A LL 'ELEMENTS OF

C ARRAYS PE, PN, PH, PC (MANY MAY BE 0.0 OR 1.0). HE MAY USEr

C CALL CR(PARRAYVALUEIXFoIXL, IYFIYL,IZFIZL,NXNYNZi

C ANY NUMBER OF TIMES, TO SET 'PARRAY' (a PE, ETC.) TO

C 'VALUE' OVER RANGE IXF TO IXLs, IYF TO IYLs, IZF TO IZL.

C MCONPOR M U S T N 0 T BE USED IN CONJUNCTION WITH EXPLICIT

C SETTINGS OF THE ARRAYS (INCLUDING SETTINGS VIA CR).

C ------------------- --------------- ------------------

C--- GROUP 8.DEPENDENT VARIABLES TO BE SOLVED FOR OR STORED a

C SOLVAR(1-2)<25)t.F. >STOVAR(1-25)<25N.F..,CONC!1 -4)<4M.T.>

C USE FOLLOWING NAMED INTEGERS FOR ARRAY ELEMENTS 1-201

C PlPPUl1,U2V1lV2,W1 W2,M1,M2ZRSKEEPH1 H2,H3,C1PCZC3, C4.

SOLVAR(P1 ).TRUE.
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SOLVAR( PP ) .TRUE.

SOLVAR(V1)=.TRUE.

SOLVAR(WI )=.TRUE.

SOLVAR(H )=.TRUE.

SOLVAR(KE)=.TRUE.

SOLVAR(EP) .TRUE.

STOVAR(V ) = .TRUE.

STOVAR(W2)=.TRUE.

STOVAR(C )=.TRUE.

STOVAR(C2)=.TRUE.

C --- GROUP 9. VARIABLE LABELS
N I C TITLE(1-25)<2HP1,2HPPo2HUl,2HUo2,21Vl,2HVZ,2HWlbZHWZ,2HRl1,

C 2HR2,2HRSo2HKE,2HEP,2HHl,2HH2,2HH3p2HCl,2HC2,

C 2HC3,2HC4.,2HRX,,2HRY,2HRZ, 2M4HMM**>

C TITLE(Cl)=4HMACH

C TITLE(C2)UTEMP?

C TITLE(PP)'RHOl'

C -------------------------------------------- ------------

C--- GROUP 10 PROPERTIES:

C IRHO1<1>,IRHO2<1>,RHO1(1 .O>,R1102<1 .0>,

C ARJIOM(.O>,BRH01<1.O>PCRHO1<1.O>

C IEMU1<1>,EMU1<1 .O>,EMULAJ<I(.E-1O>

C IHSATvHlSAT,,H2SAToPSATEX<1 .0>

C SIGMA(1-25)<1.0,2.0,1.,1.E1O,1.,1.E1O,1.,1,ElOo

C 4N1.0,1.314,1.0s1.El1O,1OMJ.O>

IRHOI=4

PTOT=55 .E5

T0T=555.55

RAIR=287.

GANA=l .35

CP=RAIR/( 1 -1GAlA)

TWm323.

HWALL=TWICP

HTOTUCPMTOT
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RHTOT=PTOT/TOT/RAIR

LOGIC(87)=.TRUE.

ARHOI=RHTOT/PTOT**( /GAMA)

BRHO=11./GAMA

C TURBULENT FLOW

IEHUl =2

EMUl 4 .E-5

EMULA=1 .E-5

SIGMA(24)=0.7

SIGMA(14)=O.9

C-------------------------------------------------

C --- GROUP 11 INTER-PHASE TRANSFER PROCESSES

C ICFIPCFIPS, IMDOTCMDOTCA1I<1 .E6>,CA2I1<1.E6>

C C------------------------------------------ m-------------

* ~C--- GROUP 12 SPECIAL SOURCES

C ISPCSO( 1-25) ,AGRAVXAGRAVYAGRAVZsABUOYNREF

C --- GROUP 13 INITIAL FIELDS

C FIINIT(1-25)C25*1.E-10>

C MlACH NO. OF FREE STREAM

GZ'ACH=3.2

Aul +(GAMA-1 )/2GMGACH**2

¶ TE=TOT/-A

RIIERHTOT/AX*(1/(GANA-1))

PSTAT=PTOT/A*X(GAMA,(GAKA-1))

RHOl *ARHO1 MPSTATMNBRHOI

SONIC=SQRT(O GAMA RAIRxTE)

WIN=SONIC*GHACH

RICEINO .0001 NWINX*2

EPINz0.16XRKEINNM1 .5/C2.0*GH)

FIINIT(P1 )=PSTAT

* ~FIINIT(XI1)mHTOT

FIINIT(KE )RKEIN

FIINIT CEP ) EPIN
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C ---------- -------- ----------

C --- GROUP 14 BOUNDARY/INTERNAL CONDITIONS

C ILOOPi ,ILOOPNXCYCLE<.F.>,PBAR,REGION(1-10)<10X.T.>

C *NN. ALL 10 REGIONS ARE DEFAULTED .TRUE..* THlE USER SHOULD

C SET REGION(I)=.FALSE. FOR UNUSED REGIONS III.

DO 14 I=1,10

14 REGION(I)R.FALSE.

C ------------------------------------------------- ----

4 C-- GROUP 15 TO 24; REGIONS 1 TO 10

C--- ONLY THOSE REGIONS ARE ACTIVE WHICH ARE SPECIFIED BY THE

C USER, PREFERABLY BY WAY OFi-

C CALL PLACE(IREGN,TYPE, IXF, IXL, ZYF, IYLIZF, IZL)&

C CALL COVAL(IREGNVARBLE,COEFF,-VALUE)

CALL PLACE(1,LOW,1,NX,1,NY,1,1)

C CALL COVAL(loM1,FIXFLU,WIN*RHE)

CDAR CALL COVAL(1,H1,1 .E-20#,1 E+2O3IWIN*RHE)

GC?12xGM0AA/WIN/ (GAZ'A-1)

GMaPTOTNRHE/RHTOT

CALL COVALC1,K1,GCZtiG~)

CALL COVALCI,,W1,ONLYNSsWZN)

CALL COVAL(1,H1,ONLYNSoHTOT)

CALL COVALC1,KEtONLYNSoRICEIN)

CALL COVALC I EPONLYNSoEPIN)

CALL PLACE(2pkIGH, I NX, 1 NYoNZNMZ)

C CALL COVAL(2,H1,FIXVALPPSTAT*O.)

CALL COVAL(2.1,Ml1 OOONWINNRHE/PSTATPSTAT)

C WALL ALONG THE VANE IZ(6s 22)

GCNwEMUl/C .SNBYFRAC(1 )MlO.KMG)

CALL PLACE(3o$OUT.Ko14X 1 ,1.l6,Z2)

ACALL COVALC3sWloWALLj0.)

CALL COVALC3,f1,WALLHWALL)

CALL COVALM3MEWALLo0.)

CALL COVAL(3&PALL,0.)
C1 C---------------------------------------------------------

C--- GROUP 25 GROUND STATIONI
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C GROSTA(.F.>,NANLST<.F.>

C NNANLST ACTIVATES NAMNELI ST IN GROUND.

GROSTA2. TRUE.

C ------------------- ----- ------- ---------------

C--- GROUP 26 SOLUTION TYPE AND RELATED PARAMETERS

C WHOLEP<.F.ý>,SUBPST<.F.>sDONACC(<.F.>

WHOLEP=. TRUE.

C ---------------------- --------------- ----

C--- GROUP 27 SWEEP AND ITERATION NUMBERS

C FSWEEP(1>,LSWEEP<1>,LITIIYD<1>,LITC<t>,LITKE<1>,LIT.H<1),

C LITER(1-25)<9Xls"1,15*l>

C IVELF<I >,NVELCPoIVELL(1 0000>,

C IREF<1>*NKE<1>#IKEL<10000>0

C IEPC1~>,NENTc1),IENTL<10000),

C ICNCF<I>,NCNC<1>,ICNCLC100OO>,

C IIUI1F(1>,NRHOI41>,ZRHO1LC10000),

C IRHO2F'i )DoNRUtO2<1>.IfZ.L<10000>

LSWtEPuI 00

GSWPuLSWEEP

CR FSWEEPN200

LITER(PP)920

LITER(V1 )*2

LITER(W1)*5

LITERCKE)02

LITERCEP)*2

C LUITYDg,2

C---. GROUP 28 TM41HAINON CRITERIA

ENDITC 0)aj -S-

C --------- --------------

C--- GROUP 29 REtAXATION

c RLXP1 .>,RLXPXYC1 .>PRLXPZ<I .>,RLacRN0~t.>,RLXNDTCI .>,

C DTFALS(3-2S)<23m1 .610>

DTFALS(W0=)1.E-5
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DTFALS(V1)=1 .E-3

DTFALS(KE)= .E-2

DTFALS(EP)=1 .E-4

RLXP=.2

C ------------------- "---------------- -------------------

C--- GROUP 30 LIMITS

C VELMAX<I .EIO>,VELMIN<-I .EIO>,RHOMAX<I .EIO>,RHOMIN<1 .E-1O>,

C "TKEMAX<I .ElO>,TKEMIN<I .E-10>,EHUM•<X<1 .ElO>,EMUMIN<1 .E-I0>,

C EPSMAX<1 .EIO>,EPSMIN<1 .E-tO>,AMDTMX<1 .EIO>,AMDTMN<-I .ElO>

C----------------------------------- -------------------

C--- GROUP 31 SLOWING DEVICES : SLORHO{:I.>,SLOEMU<I.>

SLORHO=.5

C---------------------------------- -------------------

C--- GROUP 32 PRINT-OUT OF VARIABLES t

C PRINT(1-25)<.T.,.F.,23X.T.>,SUBWGR<.F.>

PRINT(Cl )=.TRUE.

PRINT(C2) =.TRUE.

PRIN.(PP)=.TRUE.

C---------------------- --------------- ------------------

C--- GROUP 33 MONITOR PRINT-OUT

C IXMON<1>,IYMON<1>,IZMON<1>,NPRMON<1>,NPRMNT<1>

NPRMON=5

IYMON=2.
IZMON=5

C--- GROUP 34 FIELD PRINT-OUT CONTROL

C NPRINT<100>,NTPRIN<100>,NXPRIN<I>,NYPRIN<1>,NZPRIN<I>,

C IZPRP<1>,ISTPRF<1>,IZPRL<10000>,ISTPRL<10000>

C NUMCLS<10>.KOUTPT

NPRINT=LSWEEP

NUMCLS=5

c ----------- m-----------------------------------nnnn--

C--- GROUP 35 TABLE CONTROL '

C TABLES<.F.>,NTABLENTABVRLINTABNPRTABNMON,

C ITAB(l-8),IMTABVR(l-8)
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C ---------- -----------

C GROUP 36-38 ARE NOT DOCUMENTED IN THE INSTRUCTIOW

C MANUAL AND ARE INTENDED FOR MAINTENANCE PURPOSES ONLY

C--- GROUP 36 DEBUG PRINT-OUT SLAB AND TIME-STEP 3

C IZPR1(1>,IZPR2<1>,,ISTPR1C1>,ISTPR2<1>

C---------- --------------- ------------------

C--- GROUP 37 DEBUG SWEEP AND SUBROUTINES

C KEMt, MAN, KINDEX, KGEOM, KINPUT, KSODAT, KCOMPF,KSORCE,

C KSOLVi ,KSOLV2,KSOLV3,KCOMPP,KADJSTKFLUX,KSHIFT,KDIF,

C KCOMPU, KCOMPV, KCOMPW, KCOMPR, sKALL, KDBRHO<-I >, KDBEXP, KDBMDT

C KDBGEN

C"----------------------------------- -------------------

C--- GROUP 38 MONITORPTESTAND FLAG t.

C MONITR<.F.>,PFLAG<.F.>,TEST<.T.>,KFILAG<l>

C END OF MAINTENANCE-ONLY SECTION

C --------------------------------------------------

C--- GROUP 39 ERROR AND RESIDUAL PRINT-OUT

C IERRP<1000I>RESREF(1,3-24)<25*1.>RPEStIAP<.F.>,

C RESID(1-25)<231.F.,231.T.>,KOUTPT

RESREF(1),WINXRNE

RESREF(7) WIN*RESREF( 1)

RESREF(5)aWINNRESREF( 1 )*O. 1

RESREF(H1 )HTOTMRESREF( 1)

RESREF(KE)wRKEIN*RESREF( 1)

RESREF(EP)uEPINXRESREF (1)

IERRPxLSWEEPi0

KOttPTaLSWEEP 10

C -------------- -----------. ---- -------------------

C--- GROUP 40 SPECIAL DATA a LOGIC(l..10),INTGR(1..10),RE(21..30),

C NLSP<I>,NISP<1>,NRSPC1>,SPDATA<.F.>,LSPDA(C),ISPDA(i),RSPDA(t)

C USE FIRST 10 ELEMENTS OF ARRAYS LOGIC & INTGR AND 21ST

C TO 30TH OF ARRAY RE FOR TRANSFERRING SPECIAL DATA FROM

C SATELLITE TO GROUND, BUT IF REQUIREMENTS EXCEED THIS

C PROVISION SET SPDATA 0 .T., AND DIMENSION ARRAYS LSPDA,

C ISPDA, RSPDA ABOVE AND IN GROUND AS NEEDED, AND SET HERE
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C - - - - - - - - - - - - - - - - - - - - - - - - - - - m
C--- GROUP 42 RESTARTS AND DUMPS s SAVEN(.F.>,RESTRT<.F.>,KINPUT

SAVEM=. TRUE.

BFPLOT=n. TRUE.

C RESTRT=.TRUE.

C-m------------- ----

C----------------------- ---------- -m m-m-m--- -----------

C--- GROUP 43 dRAFF'*C

C GRAPHS.<.F.>,ORTHOGC .T. >,ANTSYM,NPRT<1 >,ITITL<5X4HX3(3E>

C--- FOR A GRAFFIC RUN, DIMENSION PHII & PH12 AS FOLLOWS:

C PH1l (NX*NY*NZ3(NM)

C PHI2((NX+2)*(NY+2)*(NZ+2)N(NN+IBLZ0) , WHERE

C NM=NO. OF VARIABLES STORED + DENSITY(-IES)

C I1BLK=0 IF BLOCK=.FALSE.P=4 IF A 3D RUN,

C =3 IF A 2D.YZ RUN.

C---------------------- --------------- -------------------

IF(IRUN.EQ.1) GO TO 900

900 CONTINUE

C--- ALL RUNS

CXXXXXXXXXXXXXXXXXXXXXXXXXlUOXXXX1OCXXXXX~OXX USER SECTION 3 ENDS.

~94 CXXXXXXXXOXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX STANDARD SECTION 4 STARTS a

C-----------------------------------------------------------------------------.

C WRITE GENERAL DATA ON TO THE GUSIEI .DTA TAPE, ETC ...

IF(SPDATA) CALL WRTSPC(LSPDANLSP, ISPDANISP,RSPDA,NRSP)

IF(BLOCK) CALL WRTPOR(PE,,PNPH,,PCNXNYNZ,,IPLANE)

IF(BFC) CALL WRTBFC(14,NDPC,,XEXWYNYS,ZH.,ZL,,
SNDNX+1 ,NY+l ,NZ+1 ,NZ.PRTBFC)

C OLD PRACTICES RETAINED FOR REFERENCEs

C IF(SPDATA) CALL SPCDAT(IRUN)

C IF(BLockO CALL PORDAT(IRUN)

IFCGRAPHS) CALL SORT(IRUN)

IF(RESTRT) GO TO 902

DO 901 INDVAR=1,25

IP(IFIX(FXXNITCZNDVAR)+0.1).NE.10101) GO TO 901

CALL FLDDAT(XRUN)
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0O TO 902

"901 CONTINUE

"902 CALL DATAIO(WRT,10)

IF(MONITR) CALL DATAIO(WRT,-6)

999 CONTINUE

STOP

END

C3mmK IGEN~l SO BFCXYZ NOT REQUIRED.

CX** COMMENT OUT BOTH VERSIONS.

SUBROUTINE BFCXYZ (NXP1 ,NYP1 ,NZP1)

~1 RETURN

END
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GROUND PROGRAM OF PHOENICS USED IN TURBULENT FLOW ANALYSIS

C$DIRECTIVE**MAIN

C GROUND PROGRAM OF PHOENICS USED IN TURBULENT FLOW ANALYSIS

C NZ-22 NY=25 LAMINAR FLOW

C *FILE NAME: MODBFCGD.FTN

C XINCLUDE DED SUBROUTINES, THE MODELS OF MAIN, GROUND & STRIDE.

C *DOCUMENTATION: PHOENICS INSTRUCTION MANUAL (SPRING 1983)

C WITH BODY-FITTED COORDINATES INSTRUCTION SUPPLEMENT

C (SUMMER 1984).

C NSATELLITE FILE NAMEs MODSTL.FTN

COMMON/ISHIFT/III (57),NFMAX

C SET F-ARRAY DIMENSION AS NEEDED, & SET NFMAX ACCORDINGLY.

C FOR BFC'S ALSO SET Fl-ARRAY DIMENSION AS NEEDED ,AND SET

C NF1MAX ACCORDINGLY.
.j COMMON/FOB/Fl (10000)

COMMON/NFOB/NF1 MAX

COMMON F(25000)

NFMAX=25000

NFlMAX=10000

CALL MAINI

STOP

END

C$DIRECTIVE*XGROUND

SUBROUTINE GROUND(IRN, ICHAP, ISTP, ISWP, IZED, INDVAR)

INCLUDE (CMNGUS)

INCLUDE (GUSSEQ)

C INCLUDE NMLIST

LOGICAL BFC

EQUIVALENCE (LOGIC(20),BFC)

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX STANDARD SECTION 1 STARTSt

C --- I-------------------------------------------------------------
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C+++++MEANING OF SUBROUTINE ARGUMENTS:

C IRN=RUN NUMBER; ICHAP=CHAPTER CALLED; ISTP=TIME STEP;

C ISWP=SOLUTION SWEEP; IZEDý-Z-SLAB; INDVAR: SEE CHAPTERS BELOW.

C+++++USER-INTRODUCED VARIABLES & ARRAYS:

C TO AVOID CONFLICT WITH VARIABLE NAMES USED IN COMMON, ALL

C VARIABLES INTRODUCED BY THE USER SHOULD HAVE NAMES STARTING

C WITH '0' IF REAL, 'J' IF INTEGER, AND '0' OR 'JT IF-LOGICAL.

C THUS GDZ(IZ) MIGHT BE A Z-INTERVAL ARRAY;

C OW1(IYIX) A 2-D ARRAY FOR AXIAL VELOCITY; ETC.

C USER-GENERATED SUBROUTINES SHOULD BE NAMED CORRESPONDINGLY,EG

C SUBROUTINE GVISC(OTEMP, GCNCGVSC), FOR COMPUTING VISCOSITY

C FROM CONCENTRATION & TEMPERATURE.

C+.....GROUND-TO-EARTH CONNECTING SUBROUTINES:

S÷C MUSE GET(NAME,GARRAY,NYNX) TO PUT VALUES OF VARIABLE NAMED

SC 'NAME' INTO ARRAY 'GARRAY' DIMENSIONED GARRAY(NY,NX).

C MUSE SET(NAME,IXF, IXLIYF,IYLGARRAY,NYNX) TO SET VARIABLE

C 'NAME' TO GARRAY(IYIX) OVER THE REGION: IXF-IXL & IYF-IYL.

C MUSE PRNSLB(NAME) TO PRINT VARIABLE 'NAME' OVER'X-Y PLANE.

C MUSE ADD(NAMEIXF,IXLIYF,IYLTYPECM,VM,CVAR,VVARNY,NX)

C TO ADD SOURCE TO VARIABLE NAMED 'NAME' (SEE CHAPTER 5).

C MUSE READIZ(IZED) IN CHAPTERS 1, 2, 8, & 9 TO ACCESS Pl,...DM

C & VOL,....AHDZ. (SEE FOOTNOTE TO LEGALITY TABLE)

C MUSE GETlD(NAME#GARRAYNDIM) TO PUT VARIABLE NAMED 'NAME' IN

* C ONE-D ARRAY 'GARRAY' DIMENSIONED NDIM, THUS:

C CALL GET1D(NAMEGNX,NX) FOR XG,...DXG & DIMENSION GNX(NX);

C CALL GETID(NAME,GNYNY) FOR YG, ... RV & DIMENSION GNY(NY);

C CALL GETID(NAMEPGNZNZ) FOR ZG,...WGRID & DIMENSION GNZ(NZ).

C+++.+LEGALITY TABLE FOR USE OF EARTH-CONNECTING SUBROUTINES:

C ENTRIES IN TABLE GIVE CHAPTERS IN WHICH SUBROUTINES CAN BE

C USED FOR VARIABLES IN LEFT-HAND COLUMN. (SUBROUTINE

C STRIDE IS REGARDED AS BEING IN CHAPTER 3)

*C ---------------------------------------------

C , VARIABLE:: GET & a SET I ADD I READIZ I GETID a

C : ,: PR, SLB a a

C ----------- m -----------------
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C sP1 - RZ is ALL 1 6 & 7 1 5 t 1,2,8,9s NONE

C sPlO - RZHs3-7, 10-16: 3 NONE *t NONE t NONE

C sVOL "-AHDZ, ALL 3 s NONE i 1,2,8,9: NONE

C :D1DP ' NONE 1 10 t NONE : NONE NONE

C sD2DP : NONE 1 11 s NONE : NONE NONE

C :MU1,MUIH as 5,13-16 s 12 t NONE a NONE -s NONE

C sEXCO(L,H):s NONE a 13 1 NONE s NONE a NONE

C sCFP 8: 5 1 14 1NONE NONE t Ný)NEa

C ,MDT : 5 15 t NONE iNONE a iiONEa

C :HST1,HST2ss 5 & 15 : 16 1 NONE : NONE t NOME a

C :XG -WGRIDt: NONE t NONE a NONE i NONE :. ALL a

C

C NOTES ON ABOVE TABLE:

C MIN CHAPTERS 1, 2, 8, & 9 VARIABLES P1...D.'D & GEOMETRY

C VOL.. .AHDZ CAN BE ACCESSED BUT ONLY IN CONJUNCTION WITH

C USE OF READIZ, THUS.

C DO 1 IZED=1,NZ

C CALL READIZ(IZED)

C 1 CALL GET(... AS REQUIRED..)

C *GEOMETRY ACCESSED BY READIZ IS THAT AT INITIAL TIME.

C 3,D1DP& D2DP ONLY ACCESSIBLE IN UNSTEADY FLOWS.

C÷++++GROUND SERVICE SUBROUTINES:

C MUSE CONTUR(NAMEIPLANE,ILOCENNT,ý1,12,J1,J2,GARRAY,NDIM)' FOR

C LINE-PRINTER PLOTS OF CONTOURS. 'NAME' = Ul, ... C4j

C 'IPLANEI' XPLANE, IPLANEA OR ZPLANg; ILOC SETS IX, IY, OR

C IZ LOCATION OF IPLANEj I1l 12, Jl3 & J2 SET FIRST & LAST

C CELLS IN HORIZ. & VERK. ON PLOT; ,GARRAY IS 1-D WORKING ARRAY

C OF DIMENSION NX*NY, NXXNZ, OR NYXNZ DICTArED BY IPLANE; &

C NDIM SETS VALUE OF DIMENSION OF GARRAY.

C MUSE FLD2DA(TITLEGARRAY,NYNX) TO PiIINT ANY ARRAY DIMENSIONED

C GARRAY(NY.NX)i SET 'TITLE' TO REQUIRED NAME ( 4 HOLLERITH

C CHARACTErS ONLY).

C MUSE FLDZDA(TITLE,GARRAY,NXNYNZIPLANEILOC) TO PRINT ANY

C ARRAY DIMENSIONED GARRAY(NXNY,NZ) IN PLANE SPECIFIED BY

C 'IPLANE' & tILOCt AS FOR CONTUR ABOVE; SET 'TITLE' AS FOR
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C FLD2DA.

C VARIABLE NAMES FOR USE IN GROUND.

COMNON/TYPE/CELL,,EAST,WEST,NORTH,-SOUTH,,HItH,LOW,-VOLUME.,WALL

COMNON/VAR/Pi ,PP.,Ul ,U2,V1 ,VZWJ ,WZ,Rl ,R2,RSi,

4. 12,EP,H1 ,H2,H3,C1 ,C2,C3,C4,RX,RY,RZ,SI ,S2

COMMON/VAROLD/P1O,PPO,UlOU2OV1OV20,WlO,W2O,RlO,R20IrS~O,

&KEO,EPOHIO,H20,H30,ClO,C2OC30,C40,RXORYORZO,SlOS20

COMMON/VARLOW/PIL, PPLU1 LU2L, ViL, V2L,W1 L,W2L,,R1 L,R2L,RSL,

&KEL,EPLHlLH2L,H3-L,C1LC2L,C3LC4LRXL,RYLRZL,SIL,S2L

COMMON/VARHI/PlH, PPHU1H,U2H,VIH,'V2H,WlHW2H,RlH,R2H,RSH,

&KEH,EPH,HlHH2HH3H,ClH,02HC3H,C4H,RXHRYH,RZH,S1H,S2H

COMMON/GMTR`Y/VOL,,VOLO ,AEAST,ANORTH,AHIGH,-AEDXANDY,AHDZ

COMMON/PROP/Di ,D2,.DlDP,D2DPKMUJ,MUlLAM'IEXCOCFP,,MDT,HST1 ,HST2

COMMON/PRPOLD/DI O,D20

COMMON/PRPLOW/DI L, D2L, EXCOL

COMMQN/PRPHI/D1 HD2H, MUlH, EXCOX

COMMON' VARNX/XG ,XU, DXU, DXG

CONMON/VARNY/YG ,YV, DYV, DYS ,R,RV

COMMON/VARNZ/ZG, ZW1 ,DZWDZG,WGRID

COMMON/GDMSCI/XPLANE,YPLANE, ZPLANE, ITNO

COMMON/GDHSCL/LSLAB , SLAB, HSLAB, LAMMU

REAL NORTH,LOW

INTEGER PlPPUlU2,VlV2,WlW2,Rl,RZ.RS,

&EPH1 ,HZH3,C1DC2DC3pC4,RX,RYRZS1 ,S2

INTEGER P1OPPO,UlOoU20,V1O,oV20,W1OW2ORlOR20,RSO,

&EPO,,HlOH2DOH3OClOC20,C3OC4ORXORYORZO,SlOS20

INTEGER PIL,PPL,U1LU2LVlLV2L,W1LW2L,R1LR2LRSL,

&EPLHILH2LH3LClL,C2LC3LC4L,RXLRYLRZLSlL,52L

INTEGER PlH.PPHUlH.U2HV1HV2HoWlH,W2HRIHR2HRSHo

&EPH,HIH,H2H,)13H,CIH,C2H,C3H,C4li,RXH,RYH,RZH,SlHS2H

INTEGER VOLVOLOAEAST,ANORTHAHIGH,AEDXANDY,AHDZ

* ~INTEGER Dl DD1DPDaDD2DPEXCOCFPHST1 ,HST2

INTEGER D1OD20,DlLoD2L,EXCOLD1H,D2HEXCOH

INTEGER XG,XU,DXU,DXGYG,YV*DW,DYGR,RV,ZG,ZW1 ,DZW,

&DZGPWGRID
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INTEGER XPLANE, YPLANEZPLANE

LOGICAL LSLAB, MSLAB , SLAB, LAMMU, LSPDA

EQUIVALENCE (Ml,Rl)#(M2pR2)

C SATLIT-EQUIVALENT IRUN:

EQUIVALENCE (IRUN, INTGR( 11))

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~OOOXXOOOXXXM STANDARD SECTION 1 ENDS.

CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJUUD)hl USER SECTION 1 STARTS:

C ARRAYS ( DIMENSIONED NY,NX ) FOR USE WITH 'ADD':

DIMENSION CVAR(l,1),WVAR(l,l),CM(1,l),VM(1,l),ZERO(1,1)

DIMENSION GP(30,1),GH(30,1),GD(30,1),GV(30,1),GW(30,I)

1 ,GMACH(30,1),GTEMP(30,1)

C SPECIAL-DATA ARRAYS DIMENSIONED & DIMENSION VALUES SET HERE:

DIMENSION LSPDA(1 ),ISPDA(1 ),RSPDA(l)

C USER PLACES HIS VARIABLES, ARRAYS, EQUIVALENCES ETC. HERE.

EQUIVALENCE (RAIR,RE(21)),(GAMA,RE(22)),(GSWP,RE(23))

DATA NLSP,NISP,NRSP/1 ,1,1/

DATA CVAR,WVAR,CM,VM,ZERO/5*0 .0/

C USER PLACES HIS DATA STATEMENTS HERE,

CXU=XXXXXV XUXIOUUUCOOUOUUUUDUUUUUIIX USER SECTION 1 ENDS.

CUJDIILJUDDUUIJUUUUUIJUUUUUUUOWUOHUUIJUIJLH'X STANDARD SECTION 2 STARTS a

C PLEASE DO NOT ALTER# OR RE-SET, ANY OF THE REMAINING

C STATEMENTS OF THIS SECTION.

DATA NUNCK4 / 0

IF(SPDATA)

&CALL RDSPC(IRN, INTGR( 12) ,LSPDANLSPISPDA,,NISPRSPDANRSP)

CALL GRDUTY(IRNICHAP,IZED,INDVAR)

IF(BFC) CALL BFCGRD(IRN, ICHAPISWP, IZED, INDVAR)

IF(ICHAP.EQ.-5) GO TO 10

IF(ICHAP.LE.0.OR.ICHAP.GT.16) RETURN

GO TO (l00,200,300,4999,500,600,700,800,900,1000,1100,1200,

&13l0, 1400,1500, 1600),ICHAP

RETURN

4999 NUMCH4= NUNCH4 + 1

IF (MOD(NUMCH4o2).EQ.1) GO TO 400

RETURN
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CXXXOXXQ0O0000OM0 CCOOOOCOX)O STANDARD SECTION 2 ENDS.

CXJDIUUIDDUDDUUDUUDUDDDUOUUUXXXXXXXXUDU USER SECTION 2 STARTS:

C CHAPTER Ot MODIFY SATLIT DATA, AT START OF EACH IRN.

C -----------------------------------------------

10 CONTINUE

C IF(.NOT .NAMLST) RETURN

C IF(IRN.EQ.NRUN) PATFIL-.FALSE.

C--- READ SATLIT DATA NAMELIST HERE

C CALL WRIT40(40HENTER NAMELIST DATA FOR GROUPS 1 TO 24 )

C READ(20,01024)

C CALL WRIT40(4OHENTER NAMELIST DATA FOR GROUPS 25 TO 42 )

C READ(20,425642)

RETURN

C -------------------------------------------------------------

C CHAPTER it CALLED AT THE START OF EACH TIME STEP.

C SET t DT' HERE WHEN TLAST SET NEGATIVE IN BLOCK DATA.

C 'ATIME + DT' GIVES THE END TIME OF THE CURRENT TIME STEP.

C NOT ACCESSED IF STEADYOR PARABOLIC.

C ---------------- i--- ----------------------

100 CONTINUE

RETURN

C -------------------- "m--------------------------------- -------

C CHAPTER 21 CALLED AT THE START OF EACH SWEEP.

200 CONTINUE

RETURN

C--------------------- m---------------------------------- m--------

C CHAPTER 31 CALLED AT THE START OF EACH SLAB;

4 C NOT ACCESSED IF PARABOLIC, BUT 'STRIDE' IS.

300 CONTINUE

RETURN

SC ------------------------------- -------------------- ----------

C CHAPTER 41 CALLED AT THE START OF EACH RE-CALCULATION OF
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C VARIABLES P1 ,...C4 AT CURRENT SLAB. ITNO- ITERATION NUMBER.

C --------------------------------------------------- m---------- -

400 CONTINUE

RETURN

C-------------------------------------------------------------

C CHAPTER 5: GROUND CALLED WHEN SOURCE TERM IS COMPUTED.

C INDVAR GIVES DEPENDENT VARIABLE IN QUESTION IE. U1, ... C4.

C TO ADD SOURCE TO DEPENDENT VARIABLE Cl (SAY) FOR IX=IXFIXL

C AND IY=IYF, IYL INSERT STATEMENT:

C IF(INDVAR.EQ.C1)

C &CALL ADD(INDVAR,IXFIXLIYF, IYLTYPECMVNCVAR, WAR,NYNX)

C NOTES ON 'ADD':

C *SOURCE= (CVAR(IY,IX)+AMAX1 (0.OASFLO))*(WAR(IY,IX)-PHI),

C WHERE 'PHI' IS IN-CELL VALUE OF VARIABLE IN QUESTION.

C *IMASFLO'= CM(IYIX)*(VM(IY, IX)-P),

C WHERE IPt IS THE IN-CELL PRESSURE.

C XFOR INDVAR= Ml, OR =M2, SOURCE ADDED IS 'MASFLO' ONLY,

C, EXCEPT FOR ONEPHS=.F. & MASFLO < 0.0 (IE. OUTFLOW) WHEN

C CM(IYIX) IS MULTIPLIED BY RlxDl (FOR M1) & .R2*D2 (FOR M2).

C MBOTH "CVAR' & 'CM' ARE MUTLIPLIED BY CELL-GEOMETRY QUANTITY

C DICTATED BY SETTING OF 'TYPE' (=CELL, EAST AREA,..VOLUME).

C *TYPE-SPECIFIED AREAS ARE CALCULATED AS IF BLOCKAGE ABSENT,

C BUT 'VOLUMEv WITH ACCOUNT FOR ITS PRESENCE.

C *FOR ALL SOLVED VARIABLES, INCLUDE DING MI ( & M2 WHEN ONEPHS-F),

C IF 'CM'> 0.0 CALL 'ADD'; FOR MI & Ma ALTHOUGH 'CVAR' & 'WAR'

C HAVE NO SIGNIFICANCE THEY MUST BE ENTERED AS ARGUMENTS.

C t'CVAR', 'WART, 'CM' & 'VM' MUST BE DIMENSIONED NY,NX.

C -------------------------------------------------------

500 CONTINUE

*1 RETURN

C--------------------- --------------------------------- -------

C CHAPTER 61 CALLED AT THE END OF EACH VARIABLE-RECALCULATION

C CYCLE COMMLNCED AT CHAPTER 4. ITNO = ITERATION NUMBER.

C-- --------------------------------------------------------------

"600 CONTINUE
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RETURN

C ------------- - - - ----------------

C CHAPTER 7: CALLED AT END OF EACH SLAB-WISE CALCULATION.

C-------------------------------------------------------------

700 CONTINUE

IF(FLOAT(ISWP).LT.GSWP) RETURN

CALL GET(P1,GPNYNX)

CALL GET(H1,GH,NYNX)

CALL GET(D1,GD,NY,NX)

CALL GET(V1,GVNYNX)

CALL GET(W1 ,GW,NY,NX)

DO 701 I=I,NY

GSON-SQRT(GAMAMGP(1, 1 )/GD(I, 1))

GAV=SQRT(OV(I, 1 )*2+GW(Ip, 1 )*2)

GNACH(, 1 )=GAV/GSON

701 GTENP(I,1)=GP(I,1)/GD(I,1)/RAIR

CALL SET(C1,1,NX,1,NYoGACH,NY,NX)

CALL SET(C2,1 ,NX, 1 ,NYGTENP,NYNX)

RETURN

C ---------------------------------------------------

C CHAPTER 8s CALLED AT THE END OF EACH SWEEPi

C NOT ACCESSED IF PARABOLIC.

"C -------------------------------- -..................nnn-

800 CONTINUE

RETURN

C CHAPTER 9t CALLED AT THE END OF EACH TIME STEP;

C NOT ACCESSED IF PARABOLIC.

C --------------------- ---------------------------------

900 CONTINUE

RETURN

C CHAPTER 10i SET PHASE 1 DENSITY HERE WHEN IRHO1"I- IN DATA.

C SET CURRENT-Z 'SLAB' DENSITY, D1, IF HSLAB*.T.,

C EG. IF(KSLAB) CALL SET(D1,1,NXpNYGDI,KY,NX).
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C SET NEXT LARGER-Z 'SLAB' DENSITY, DIX, IF HSLAB=.T. & PARAB=F

C EG. IF(HSLAB) CALL SET(DH,p1,NX,iNYGD1H,NYNX).

C SET D(LN(DI))/DP (IE. DlDP) FOR UNSTEADY FLOW,

C EG. IF(MSLAB) CALL SET(D1DP,bNX,1,NYGDIDP,NY,NX).

C-----------------------------------------

1000 CONTINUE

RETURN

C CHAPTER Ili SET PHASE 2 DENSITY HERE WHEN IRH02-1 IN DATA.

C SET CURRENT-Z 'SLAB' DENSITY, D2, IF HSLAB=.T.,

C EG. IF(MSLAB) CALL SET(D2,l,NXI,NY,GD2,NYpNX).

C SET NEXT LARGER-Z TSLAB' DENSITY, D2H, IF HSLAB=.T. & PARAB-F

C EG. IF(HSLAB) CALL SET(D2H,1,NX,1,NY,GD2LHNYNX).

C SET D(LN(D2))/DP FOR UNSTEADY FLOW,

C EG. IF(MSLAB) CALL SET(DZDP.1,NX,1,NY•GD2DP,NYNX).

1100 CONTINUE

RETURN

C CHAPTER 12' SET PHASE 1 VISCOSITY HERE WHEN IEHXUl-1 IN DATA.

C SET CURRENT-Z 'SLAB' VISCOSITY (HUI), IF HSLABo.T.,

C EG. IF(MSLAB) CALL SET(NUII,NX,*1NY,GVISCNY#NX.);

C SET NEXT LARGER-Z 'SLAB' VISC. (MU1H), IF HSLABo.T. & PARABUF

C EG. IF(HSLAB) CALL SET(NUIH,1,NXI,1NYGVSCHNYNX).'
C

C CHAPTER ALSO ACCESSED WHEN EMULANe-1.0 IN DATA, SO THAT THE

C LANINAR VISCOSITY WHICH APPEARS IN WALL FUNCTIONS & IN THE

C KE-EP TURBULENCE MODEL (IEIUI:02) KAY BE SET NON-CONSTANT.
C SET CURRENT-Z *SLAB' VALUE (MU1LAN) WHEN LAMNU*.T.,
C E£. IF(LANNU) CALL SET(CU1LAN1,,NX,1,NYGVSCLNYNX).

1200 CONTINUE

RETURN

C CHAPTER 131 SET EXCHANGE COEFFICIENT (E.C.) FOR VARIABLE
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C INDVAR WHEN SIGMA(INDVAR)-I .0 IN DATA.

C SET CURRENT-Z 'SLAB' E.C. (EXCO) IF NSLAB=.T.,

C EB. IF(•SLAB) CALL SET(EXCO,1,NX,1,NYGEXCO,NY,NX).

C SET NEXT SMALLER-Z 'SLAB' E.C. (EXCOL), IF LSLAB=.T.,

C EG. IF(LSLAB) CALL SET(CEXCOL,1,NX,1,NYGEXCOLNYNX).

C SET NEXT LARGER-Z 'SLAB' E.C. (EXCOH) IF HSLAB..T.,

C EG. IF(HSLAB) CALL SET(EXCOH, 1 ,NX, 1 ,NY,GEXCOHNYNX).

C NOTEs FOR HSLAB, INDVAR=U1,..C4) FOR LSLAB, INDVAR=U1L,..C4L

C & FOR HSLAB, INDVAR=U1H,..C4H. IF PARAB=.T. SET HSLAB ONLY.

--------------------------------------------- --

1300 CONTINUE

RETURN

C --------------------km ---------- m -------------- m --------------

C CHAPTER 14s SET INTER-PHASE FRICTION COEFFICIENT (CFP) HERE

C WHEN ICFIP = -1 IN DATA; ITS UNITS a FORCE ' (CELL MRELATIVE

C SPEED OF PHASES).

C ---------------

1400 CONTINUE

RETURN

C CHAPTER 1S& SET INTER-PHASE KASS-TRANSFER RATE PER CELL (MDT)

C HERE WHEN XtIOT -1 IN DATA.

C ----------------

1500 CONTINUE

RETURN
C -----..-.------- .-.-.-------------- .--------- "-.--- .- -------- ..

C. CHAPTER 16 SET HERE PHASE I &12 SATURATION ENTHALPILU

C (HST & HST2) WHE IHSAT -1 IN DATA.

1600 COHTINUE

RETURN

END
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APP-9NDrX Hi
TURBULENT OUTPUT FLOW FIELD

DATA TAKEN FROM DEFAULT.DTA ON GROUP A/C

FILE MODSTL.FTN IS THE SATLIT USED.

BODY-FITTED-COORDINATE OPTION ACTIVE

Fl ARRAY IS DIMENSIONED TO = 5000

MINIMUM ALLOWABLE DIMENSION FOR Fl = 1318

FLOW FIELD AT, ISWEEP= 100, ISTEP= 1

FIELD VALUES OF M (mach)
IY=25 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=24 3.200E+00 3.200E+00 3.200E+00 3.200E+O 3.200E+00

1Y=23 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00
IY=22 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

,IY,22 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=2O 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=19 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY=18 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00
IY=17 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

IY;16 3.200E+00 3,200E+00 3.200E+00 3.200E+00 3.2005+00
IY=15 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.199E+00

IY=14 3.2005+00 3.200E+00 3.200E+00 3.200E+00 3,199E+00

I Y=13 3.200E+00 3.200E+00 3.200E÷00 3.200E+00 3.199E+00

"IY=12 3.200P+00 3.200E+00 3.200E+00 3.200E+00 3.199E+00

IY=11 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.199E+00

IY=11 3.200E+00 3,200E+00 3.200E+00 3.200E+00 3.199E+00

IY= 9 3.200E+00 3.200E+00 3.200+E00 3.200E+00 3.198E+00

IY= 8 3.OOE+00 3.200E+00 3.200E+00 3.200E+00 3.197E+00

IY= 7 3.200E+00 3.200E+00 3.200E+00 3.199E+00 3.194E+00

IY= 6 3.200E+00 3.200E+00 3.200E+00 3.198E+00 3.183E+00

IY= 5 3.200E+00 3.200E+00 3.200E+00 3.196E+00 3.157E+00

Iy= 4 3.200E+00 3.200E+00 3.200E+00 3.195E+00 3.144E400
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IY= 3 3.200E+00 3.200E+00 3.200E+00 3.195E+00 -3.132E+00

IY= 2 3.200E+00 3.200E+00 3.199E+00 3.195E+00 3.121E400

IY= 1 3.200E+00 3.200E+00 3.199E*00 3.195E+00 3.114E+00

1Z= 1 2 3 4 5

IY=25 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

-Y=24 3.200E+00 3.200E+00 3.200E+00 3.300E+00 3.200E+00

Y-23 3.200E+00 3.200E+00 3.200E+00 3.200E+00 3.200E+00

1Y=22 3.200E+00 3.200E+00 3005E+00 3.200E+00 3.200E+00

IY=21 3.200E+00 3.200E+00 3.200E+00 3.199E+00 3.199E+00

IY=20 3.199E+00 3.199E+00 3.199E+00 3.199E+00 3.199E+00

IY=19 3.199E+00 3.199E+00 3.199E+00 3.199E+00 3.199F+00

IY=18 3,199E+00 3.199E+00 3.199E+00 3.199E+00 3.19SE+00

IY=17 3.199E+00 3.199E+00 3.199E+00 3.198E+00 3.197•+00

IY=16 3.198E+00 3.198E+00 3.198E+00 3.198E+00 3.196E+00

IY=15 3.198E+00 3.198&+00 3.198E+00 3.1975+00 3.194E+00

IY=14 3.198E+00 3.197E+00 3.197E+00 3.1955+00 3.191E+00

IY=13 3.197E+00 3.197E+00 3.196E+00 3.193E+00 3.i85+00

IY=12 3.197E+00 3.1965E+00 3.195E+00 3.189E+00 3.1765E+00

IY;11 3.196E+00 3.195E+00 3.192E+00 3,181E+00 3.160E+00

IYi10 3.195E+00 3.194E+00 3.187E+00 3.168E+00 3.136E+00

IYE 9 3.193E+00 3.190E+00 3.176E+00 3.144E+00 3.101E+00

l¥m 8 3.190E+00 3.181E+00 3.154E+00 3.106E+00 3.060E+00

IY= 7 3.179E+00 3.156E+00 3.112E+00 3.056E+00 3.022E+00

IY= 6 3.146E+00 3.097E+00 3.045E+00 .3.0105+00 -3.0025+00

XX. 5 3.0825+00 3.030E+00 3.012E+00 3.010E+00 3.008E+00

IYO 4 3.050E+00 3.010E+00 3.005E+00 3.007E+00 2.999E+00

lYm 3 3.022E+00 2.997E+00 2.995E+00 2.9729+00 2.94+00 D

UIY 2 2.995E+00 2.946E+00 2.891E+00 2,726E+00 2.652E+00

IY= 1 2.556E+00 2.335E+00 2.046E+00 2.080E+00 2.084E+00

IZ= 6 7 8 9 10

1Y=25 3.200E+00 3.200E+00 3.199E+00 3.199C+03 3.199E+00

IY=24 3.200E+00 3.200E+00 3.199E+00 3.1WE+00 3.198E+0(

YI¥=23 3.200E+00 3.199E+00 3.190E+00 3.198E+00 3.198E+00

IY=22 3.199E+00 3.199E+00 3.198E+00 3.197R+00 3.196E+00

XY=21 3.1999+00 3.198E+00 3.197E+00 ".195E+00 3.194E+00
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IY=20 3.199E+00 3.198E+00 3.196E+00 3.193E+00 3.191E+00

IY=19 3.198E+00 3.196E+00 3.193E+0G 3.189E+00 3.185E+00

IY=18 3.197E+00 3.194E+O0 3.189E+00 3.183E+00 3.177E+00

IY=17 3.i95E+00 3.191E+00 3.183E+00 3.173E+00 3.166E+00

IY=16 3.193E+00 3.185E+00 3.173E+00 3.160E+00 3.150E+00

IY=15 3.188E+00 3.177E+00 3.160E+00 3.141E+00 3.129E+00

IY=14 3.181E+00 3.165E+00 3.141E+00 3.118E+00 3.103E+00

1Y=13 3.170E+00 3.146E+00 3.117E+00 3.091E+00 3.076E+00

IY=12 3.153E+00 3.122E+00 3.089E+00 3.064E+00 3.051E+00

,IY=11 3.128E+00 -.3.092E+00 3.060E+00 3.040E+00 3.031E+00

S1Y=10 3.097E+00 3.061E+00 3.035E+00 3.022E+00 3.018E+00

SY=8 9 3.061E+00 3.033E+00 3.017E+00 3.012E+00 3.011E+00

IY= 8 3.029E+00 3.013E+00 3.00$E+00 3.007E+00 3.008E+00

IY= 7 3.008E+00 3.004E+00 3.004E+00 3.005E+00 3.007E+00

IY= 6 3.002E+00 3.003E+00 3.003E+00 3.004E+00 3.006E+00

IY= 5 3.005E+00 3.002E+00 2.997E+00 2.990E+00 2,986E+00

IY= 4 2,982E+00 2.954E+00 2.913E+00 2,864E+00 2.842E+00

IY= 3 2.801E+00 2.285E+00 2.680E+00 2.6495E+00 2.637E+00

IY= 2 2.621Z+00 2.588E+00 2.557E+00 2.531E+00 2.521E+00

IY= I 2.069E+00 2.048E+00. 2.026E+00 2.006E÷00 1.997E+00

IZ= 11 12 13 14 15

tY4S 3.198E+00 3.198E+00 3.198E+00 3.198E+00 3.198E+00

IY=24 3.196E+00 3.198E+00 3.1985+00 3.198E+00 3.198E+00

1Y=23 3.197E+00 3.1975+00 34197E+00 3.197E+00 3.197E+00

lYw22 3.196E+00 3.195E+00 3.195E+00 3.196E+00 3.196E+00

,IY*21 3.193E+00 3.193E+00 3,193E+00 3.193E+00 3.193E+00

IY=20 3.189E+00 3.109E+00 .3.188E÷00 3.189E+00 3.189E+00

XY#19 3.183E+00 3.182E+00 '3A182E+00 3,182E+00 3.183E+00

lY=18 3.174E+00 .3.173E+00 3.172E+00 3.172E+00 3.174E+00

TYw1? 3.161E+00 3.159E+00 3.158E+00 3.1585+00 3.160E+00

IY=16 3.143E+00 3.141E+00 3.139E+00 3.139E+00 3,142E+00

iVIS 3.120E+00 3.118E+00 3.116E+00 3.116÷+00 3,120E+00

IY=14 3.094E+00 3.091E+00 3.0909+00 3.090E+00 3.095E+00

IY=13 3.067E+00 3.0655E00 3.065E+00 3.066E+00 3.073E+00

XY=12 3.044E+00 3.044E+00 3.044&÷00 3.046E+00 3.055E+00
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1Y11l 3.027E+00 3.028E+00 3.030E+00 3.033E+00 3.043E+00

IY=1O 3.017E+00 3.019E+00 3.022E+00 3.026E+00 3.036E+00

Iy= 9 3.012E+00 3.015E+00 3.019E+00 3.023E+00 3.033E+00

UIY= 8 3.010E+00 3.014E+00 3.018E+00 3.022E+00 3.031E+00

IY= 7 3.010E+00 3.013E+00 3.017E+00 3.020E+00 3.028E+00

IY= 6 3.008E+00 3.011E+00 3.015E+00 3.020E+00 3.028E+00

IY= 5 2.983E+00 2.985E+00 2.990E+00 3.001E+00 3.OUSE+00

IY= 4 2.820E+00 2.818E+00 2.820E+00 2.835E+00 2.848E+00

Iy= 3 2.628E+00 2.629E+00 2.636E+00 2.670E+00 2.707E+00

Iy= 2 2.513E+00 2.515E+00 2.523E+00 2.574E+00 2.616E+00

Iy= 1 1.990E+00 1.992E+00 2.OOOE+O0 2.082E+00 2.127E+00

IZ= 16 17 18 19 20

1Y=25 3.194E+O0 3.194E+00

1Y=24 3.153E+00 3.154E+00

IY=23 3.077E+00 3.078E+00

IY=22 2.971E+00 2.973E+00

IY=21 2.845E+00 2.848E+00

IY=20 2.705E+00 2.711E+00

*1Y=19 2.559E+00 2.567E+00

IY=18 2.409E+00 2.422E+00

IY417 2.259E+00 2.277E+00

IY=16 2.108E+00 2.134E+00

1Y=15 1.960E+00 1.993E+00

IY=14 1.817E+00 1.856E+00

1Y=13 1.683E+00 1.727E+00

IYwl2 1.562E+00 1.609E+00

IY'11 1.458E+00 1.503E+00

IY 10 1.367E+00 1.410E+00

IYM 9 1.289E+00 1.328E+00

IY= 8 1.220E+00 1.254E+00

IY= 7 1.157E÷00 1.186E+00

IYm 6 1.100E+00 1.121E400

IYm S 1.058E+00 1.069E+00

IY 4 1.006E+00 1.015E+00

IYu 3 9.719E-01 9.797E-01
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IY= 2 9.641E-01 9.697E-01

I Y= 1 8.192E-01 8.283E-01

-Z= 21 22

FIELD VALUES OF T (temprature)

-Y=25 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=24 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

,Y=23 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=22 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.9g0E+02

1Y=21 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=20 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=19 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

1Y=18 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

1Y=17 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

1Y=16 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=15 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

SY=114 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=13 1.990E+02 1.990E+02 1.9901E+02 1.990E+02 1.990E+02

IY=12 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

1Y=18 1,990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=10 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY= 9 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.9901E+02iYn 8 1.990E+02 1.9901+02 1.990E+02 1.990E+02 1.9901+02

IY= 7 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.991E+02

lYw 6 1.990E+02 1.990E+02 1.9901+02 1.9901+02 1.993E+02

Iy= 5 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.997E+02

IY= 4 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.998E+02:

IY= 3 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.999E+02

IYm 2 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.999E+02

IYM 1 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.999E+02

IZ= 1 2 3 4 S

1Y=25 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=24 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=23 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=22 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=21 1.990E+02 1.990E+02 1.990E+02 1.9909+02 1.990E+02
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1Y=20 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=19 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

1Y18l 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY217 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.990E+02

IY=16 1.9906+02 1.990E+02 1.990E402 1.990E+02 1.991E+02

IY=15 1.990E+02 1.990E+02 1.990E+02 1.990E+02 1.992E+02

IY=14 1.990E+02 1.9906E+02 1.990E+02 1.991E+02 1.993E+02

IY=13 1.990E+02 1.990E+02 1.990E+02 1.991E+02 1.996E+02

1Y=12 1.990E+02 1.990E+02 1.990E+02 1.993E+02 2.0016+02

.IY=18 1.990E+02 1.990E+02 1.991E+02 1.997E+02 2.011E+02

1Y=10 1.990E+02 1.991E+02 1.993E+02 2.004E+02 2.028E+02

IY= 9 1.990E+02 1.992E+02 1.997E+02 2.019E+02 2.054E+02

1Y= 8 1.992E+02 1.996E+02 2.008E+02 2.046E+02 2.090E+02

IY= 7 1.996E+02 2.010E+02 2.0366+02 2.090E+02 2.130E+02

1Y= 6 2.013E+02 2.051E+02 2.096E+02 2.142E+02 2.156E+02

1Y= 5 2.060E+02 2.123E+02 2.150E+02 2.153E+02 2.155E+02

1Y= 4 2.090E+02 2.147E+02 2.160E+02 2.155E+02 2.154E+02

IY= 3 2.122E+02 2.160E+02 2.163E+02 2.155E+02 2.154E+02

IY= 2 2.146E+02 2.164E+02 2.163E+02 2.154E+02 2.154E+02

IY= I 2.156E+02 2.163E+02 2.162E+02 2.154E+02 2.153E+02

IZ= 6 7 8 9 10

IY=25 1.990E+02 1.990E+02 1.9906+02 1.990E+02 1.9916+02

IY=24 1.990E+02 1.990E+02 1.990E+02 1.991E+02 1.991E+02

IY=23 1.990E+02 1.990E+02 1.9906+02 1.991E+02 1.991E+02

IY=22 1.9906+02 1.9906+02 1.9916E+02 1.992E+02 1.9926+02

IY=21 1.990E+02 1.990E+02 1.991E+02 1.993E+02 1.994E+02

IY=20 1.990E+02 1.991E+02 1.992E+02 1.994E+02 1.996E+02

1Y219 1.990E+02 1.991E+02 1.993E+02 1.997E+02 2.000E+02

IY=18 1.991E+02 1.992E+02 1.996E+02 2.002E+02 2.006E+02

IY=17 1.9916+02 1.994E+02 2.9016+02 2.008E+02 2.014E+02

IY=16 1.9936+02 1.997E+02 2.006E+02 2.019E+02 2.027E+02

MYI1S 1.995E+02 2.0026+02 2.015E+02 2.033E+02 2.043E+02

IY=14 1.999E+02 2.010E+02 2.028E+02 2.051E+02 2.064E+02

IY=13 2.006E+02 2.023E+02 2,047E+02 2.074E+02 2.088E+02

IY=12 2.017E+02 2.041E+02 2.0706+02 2.098E+02 2.111E+02
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IY=11 2.035E+02 2.065E+02 2.096E+02 2.121E+02 2.131E+02

1Y=1O 2.060E+02 2.094E+02 2.121E+02 2.138E+02 2.144E+02

IY= 8 2.092E+02 2.122E+02 2.141E+02 2.150E+02 2.152E+02

IY= 8 2.124E+02 2.144E+02 2.153E+02 2.155E+02 2.155E+02

1Y= 7 2.149E+02 2.155E+02 2.157E+02 2.157E+02 2.156E+02

IY= 6 2.157E+02 2.157E+02 2.157E+02 2.157E+02 2.156E+02

IY= 5 2.157E+02 2.158E+02 2.157E+02 2.157E+02 2.155E+02

IY= 4 2.157E+02 2.158E+02 2.157E+02 2.156E+02 2.155E+02

1Y= 3 2.156E+02 2.157E+02 2.157E+02 2.156E+02 2.155E+02
IY= 2 2.157E+02 2.158E+02 2.158E+02 2.157E+02 2.156E+02

IY= 1 2.156E+02 2.157E+02 2.157E+02 2.156E+02 2.155E+02

IZ= 11 12 13 14 15

IY=25 1.991E+02 1.991E+02 1.991E+02 1.991E+02 1.991E+02

IY=24 1.991E+02 1.991E+02 1.991E+02 1.991E+02 1.991E+02

IY=23 1.992E+02 1.992E+02 1.992E+02 1.992E+02 1.992E+02

IY=22 1.993E+02 1.993E+02 1.993E+02 1.993E+02 1.993E+02

I=21 1.995E+02 1.995E+02 1.995E+02 1.995E+02 1.995E+02

IY=20 1.998E+02 1.998E+02 1.999E+02 1.999E+02 1.999E+02

1Y=19 2.003E+02 2.003E+02 2.004E+02 2.004E+02 2.004E+02

IY=18 2.010E+02 2.011E+02 2.012E+0o 2.0125E02 2.013E+02

IY=17 2.021E+02 2.022E+02 2.023E+02 2.024E+02 2.024E+02

1Y=16 2.035E+02 2.037E+02 2.039E+02 2.040E+02 2.040E+02

IY=15 2.054E+02 2.057E+02 2.059E+02 2.060E+02 2.060E+02

IY*14 2.077E+02 2.080E+02 2.082E+02 2.083E+02 2.082E+02

IZY*13 2.100E+02 2.103E+02 2.104E+02 2.105E+02 2.103E+02

IY=12 2.121+E02 2.123E+02 2.123E+02 2.123E+02 2.120E+02

IYu1l 2.137E+02 2.138E+02 2.137E÷02 2.135E+02 2.131E+02

I.Y10 2.147E+02 2.147E+02 2.145E+02 2.143E+02 2.138R+02

IY= 9 2.152E+02 2.151E+02 2.149E+02 2.146E+02 2.140E+02

. IY= 8 2.154E+02 2.152E+02 2.150+E02 2.146E+02 2.141E+02

IY= 7 2.154E+02 2.152E+02 2.150E+02 2.146E+02 2.141E+02

- IY= 6 2.154E+02 2.152E+02 2.150E÷02 2.146E+02 2.139E+02

"lY= 5 2.154E+02 2.152+E02 2.148E+02 2.142E+02 2.122E+02

1Y= 4 2.154E+02 2.151E+02 2.148E+02 2.139E+02 2.105E+02

IYO 3 2.1545+02 2.151E+02 2.147E+02 2.136E+02 2.077E+02
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IYu 2 2.155E+02 2.152E+02 2.149E+02 2137E+02 2.036E+02

IY= I 2.153E+02 2.151E+02 2.147E+02 2.136E+02 2.0055+02

IZZ 16 17 :48 19 20

IY=25 1.991E+02 1.990E+02

IY=24 1.991E+02 1.990E+02

1Y=23 1.992E+02 1.990E+02

IY=22 1.993E+02 1.990E+02

IY=21 1.995E+02 1.990E+02

iY=20 1.998E+02 1.990E+02

IY=l9 2.003E+02 1.990E+02

iY=18 2.011E+02 1.9905+02

IY-17 2,022E+02 1.990E+02

IY=16 2.036E+02 1.990E+02

IY=15 2.054E+02 1.990E+02

IY=14 2.074E+02 1.990E+02

IY-13 2.092E+02 1.990E+02

IY=12 2.106E+02 1.990E+02

IY=11 2.116E+02 1.990E+02

IY=1O 2.122E+02 1.990E+02

Yl= 9 2.124E+02 1.990E+02

flI 8 2.124E+02 1.990E+02

S 0 "lY= 7 2.123E+02 1.990E+02-Y= 6 2.120E+02 1'.990E+02

IY= 5 2.091E+02 1.990E+02

IYa 4 2.068E+02 1.990E+02

IYV 3 2.039E+02 1.990E+02

IY= 2 2.014£+02 1.988E+02

lY= 1 2.008E+02 1.9645+02

Ize 21 22

FIELD VALUES OF HIl

IY=23 6.150E+05 6.150E+0S 6.150E+05 6.150E+05 6.150E+05

IY=24 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=23 6.1505+05 6.1505+05 6.150E+05 6.150E+05 6.1505+05

XY222 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

1Y021 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05
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IY.20 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=19 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=18 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=17 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=16 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=15 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=14 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=13 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=12 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=12 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=11 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

Y= 9 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 8 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 7 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 6 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 5 6.150E+05 6.150E+05 6.150E+05 6,150E+05 6.150E+05

IY= 4 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 3 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 2 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 1 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IZin 1 2 3 4 5

IY=25 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=24 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

60'Ej01 3 0 5
IY=25 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05
IY=21 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=20 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

1Y=20 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY='1 6.150E+05 6.150E+05 6.150E+O5 6.150E+05 6.150E+05

IY=10 6.150E+05 6.150E+05 6.1SOE+05 6.150E+05 6.150E+05I, Y*19 6,150E+05 6.150E÷05 6.150E÷05 6,150E+05 6,150E+05
1Y=18 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.1SOE+05

IlY=16 6.150E÷Oq 6.150E÷05 6,15OE÷O5 6.1SOE÷05 6,150E÷05S

1 Y=15 6.150E÷05 6.150E+05 6,1S0E÷05 6,150E÷05 6.150E+O5

I IY=14 6.150E+05 6.1SOE+O5 6.150E+05 6.150E+05 6.150E+05

I 1Y=13 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=12 65 150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05
5;
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IY--11 6.150E+05 6.150E+05 6.150E+05 6.150E+05. 6.1505+05

IY=10 6.150E+05 6.1505+05 6.150E+05 6.1505+05 6.150E+05

IY= 9 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

.IYI 8 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 7 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

Y= 6 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 5 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.149E+05

IY= 4 6.150E+05 6.150E+05 6.150E+05 6,.147E+05 6.140E+05

IY= 3 6.150E+05 6.1495E+05 6.1445E+05 6.113E+05 6.029E+05

IY=n 2 6.141E+05 6.099i+05 6.035E+05 5.859E+05. 5.793E+05

IYs 1 5.690E+05 5.372E+05 5.194E+05 5.258E+05 5.262E+05

IZ= 6 7 a 9 10

IY=25 6.150E+05 6.1505+05 6.150E+05 6.150E+05 6.1505+05

IY=24 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6,150E+05

IY=23 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=22 6.150E+05 6.150E+05 6.1505+05 6.150E+05 6.150E+05

IY=21 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY20 6.150E+05 6.1505+05 6.150E+05 6.150E+05 6.1505+05

IY=19 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=18 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=17 6.1505+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=16 6.150Z+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

MSY1 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

iYm14 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=13 6.150E+05 6.1505+05 6.150E+05 6.150E+05 6.1505+05

,Y=12 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.1505+05

IY~11 6.1505+05 6.150E+05 6.1505+05 6.1505+05 6.150E+05

IY=10 6.150E+05 6.1505+05 6.150E+05 6.1505+05 6.150E+05

IY= 9 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IYi 8 6.150E+05 6.1505+05 6.10E+05 6.1505+05 6.150E+05

IY= 7 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 6 6.150E+05 6.150E+05 6.150E+05 6.1495E+05 6.1495E+05

IY= 5 6.1485E+05 6.145E+05 6.1395E+05 6.1295E+05 6.1235E+05

IY= 4 6.1235E05 6.093E+05 6.048E+05 5.995E+05 .9675E+05

IYO 3 5.9355+05 5.063E+05 5.8165+05 5.785E+05 6.770E+05

y1 ÷159

IY=8 .15E+5 615£+0 6150+0 6.50+0 6,150E+05__



IYN 2 5.766E+05 5.734E+05 5.702E+05 5.676E+05 5.663E+05

ZY= 1 5.252E+05 5.233E+05 5.211E+05 5.190E+05 5.180E+05

IZZ 11 12 13 14 15

IY=25 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=24 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=23 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05
IY=-22 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

Iy=21Y 6.150E+05 6.150E+05 6.1506+05 6.150E+05 6.150E+05

IY=20 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05
IY=19 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=18 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.1505E05

IY=17 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=16 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=15 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=14 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05
IY=13 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=1 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05
IYu11 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY=1O 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY1 9 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05
IYu 8 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.1505+05

IYz 7 6.150E+05 6.150E+05 6.150E+05 6.150E+05 6.150E+05

IY= 6 6.149E+05 6.149E+05 6.149E+05 6.149E+05 6.147E+05

IYm 5 6.115E+05 6.113E+05 6.111E+05 6.110E+05 6.087E+05

IYw 4 5.941E+05 5.934E+05 5.927E+05 5.921E+05 5.897E+05

"lYw 3 5.757E+05 5.754E+05 5.750E+05 5.748E+05 5.733E+05

IY= 2 5.6519+05 5.648E+05 5.645E+05 5.6425+05 5.621E+05

IYu 1 5.170E+05 5.168E+05 5.165E+05 5.172E+05 5.163E+05

IZ= 16 17 18 19 20

IYM25 6.150E+05 6,150E+05

MIXy 6.130E+05 6.750E+05

IY=23 6.150E+05 6.150E+05

-Yy22 6.150E+05 6.150+E05

IY=21 6.150+E05 6.130E+05

__Y20 6.150E÷05 6.150E+05
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IY=19 6.150E+05 6.149E+05

1Y=18 6.150E+05 6.148E+05

IY=17 6.150E+05 6.145E+05

IY=16 6.150E+05 6.140E+05

IY=15 6.150E+05 6.131E+05

IY=14 6.1505+05 6.114E+05

IYml3 6.1505+05 6.084E+05

IY--12 6.150E+05 6.031E+05

IY~11 6.150E+05 5.940E+05

IY=10 6.150E+05 5.787E+05

1Y= 9 6.1505+05 5.536E+05

IY= 8 6.150E+05 5.131E+05

IY= 7 6.150E+05 4.4825+05

1Y= 6 6.1445+05 3.4445+05

IY. 5 6.068E+05 1.758E+05

1Y= 4 5.8825+05 1.128E+05

IYU 3 5.728E+05 6.214E+04

IY= 2 5.629E+05 2.7235+04

IYR 1 5.1565+05 7.5525+03

IZZ 21 22

FIELD VALUES OF iCE

IY=25 7.889E+01 7.885E+01 7.8805+01 7.875Z+01 7.870E+01

IY=24 7.889E+01 7.8855+01 7.8805+01 7.875E+01 7.870E+01

IY=23 7.889E+01 7,885E+01 7.880E+01 7.875E+01 7.870E+01

IY=22 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01

IY*21 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01

IY=20 7.889E+01 7.88SE+01 7.880E+01 7.875E+01 7.870E+01

1Y1l9 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01

1YO18 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01

IY=17 7.889E+01 7.885E*01 7.880E+01 7.875E+01 7.870E+01

IY=16 7B88gEf01 7.8855+01 .7.880E+01 7.875E+01 7.e705+01

I Yml5 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01

IY=14 7.889E+01 7.8855+01 7.8806+01 7.875E+01 7.870E+01

IY1m3 7.839E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01

IY=12 7.889C+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01
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IY=11 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01
IY=IO 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01

IY= 9 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.870E+01

1Y= 8 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.871E+01

1Y= 7 7.889E+01 7.885E+01 7.880E+01 7.875E+01 7.886E+01

IY= 6 7.889E+01 7.885E+01 7.880E+01 7.879E+01 8.886E+01

IY= 5 7.889E+01 7.885E+01 7.880E+01 7.883E+01 8.492E+01

IY= 4 7.889E+01 7.885E+01 7.880E+01 7.883E+01 8.691E+01

IY= 3 7.889E+01 7.885E+01 7.880E+01 7.882E+01 8.719E+01

IY= 2 7.889E+01 7.885E+01 7.880E+01 7.880E+01 8.503E+01

1y= 1 7.889E+01 7.885E+01 7.880E+01 7.880E+01 8.402E+01

IZ= 1 2 3 4 5

IY=25 7.865E+01 7.860E+01 7.855E+01 7.845E+01 7.836E+01

IY=24 7.865E+01 7.860E+01 7.855E+01 7.845E+01 7.836E+01

IYN23 7.865E+01 7.860E+01 7.855E+01 7.845E+01 7.836E+01

IY=2 7.865E+01 7.860E+01 7.855E+01 7.845E+01 7.836E+01
SY=21 7.865E÷01 7.860E+01 7.855E+01 7.845E+01 7.836E+01

.Y=20 7.865E+01 7.860E+01 7.855E+01 7.845E+01 7.836E+01

IY=1g 7.865E+01 7.860E+01 7.855E+01 7.845E+01 7.836E+01

IY=18 7.865E+01 7.860E+01 7.855E+01 7.846E+01 7.836E+01

IY817 7.865E+01 7.860E+01 7.855E+01 7.846E+01 7.836E+01

IY=16 7.865E+01 7.860E+01 7.855E+01 7.846E+01 7.837E+01
IY-15 7,865E+01 7.860E+01 7.855E+01 7.846E+01 7.8387+01

lYm14 7.865E+91 7,8606+01 7.855E+01 7.847E+01 7.842E+01

IYN13 7.865F+01 7.8606Oi' 7.856E+01 7.849E+01 7.8519+01

Y=12 7.8&bL4OI 7.860E+01 71.856Q+01 7.855E+01 7.873E+01

IYX1l 7.865E+01 7.861E+01 7.859E+01 7.872E+01 7.922E+01

IY=10 7.8654i+O1 7.862E+01 7.866E+01 7 916E+01 8.012E+01

C, IY* 9 7.866S+01 7.867E+01 7,894E+01 8,014E+01 8.142E+01

IY= 8 7,875E+01 7.900E+01 7.982E+01 8.165E+01 8.2696+01

IYv 7 7.944E+01 8.068E+01 8.209E+01 8.339E+01 8.366E+01
ly= 6 8.351E+01 8.557E+01 8.567E+01 8.538E+01 8.508c+01

IY= 5 8.865E+01 8.913E+01 8.8559+01 8.724E601 8.618E+01

IY= 4 8.969E+01 8.995E+01 8.923E+01 9.391E+01 1.525E+02

'Ya 8.9656+01 8.778E:01 8.632E÷01 4.550&+0Q Z,055E+03
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1YR 2 1.1492+02 2.120E+02 5.527E+02 6.889E+03 1.156E+04

IY= 1 5o2305+03 4.126E+03 3.531E+03 3.667E+03 3.661E+03

IZ= 6 7 8 9 10

IY=25 7.826E+01 7.816E+01 7.807E+01 7.797E+01 7.792E+01

1Y=24 7.826E+01 7.816E+01 7.807E+01 7.797E+01 7.793E+01

IY=23 7.826E+01 7.816E+01 7.807E+01 7.797E+01 7.793E+01

IY=22 7.826E+01 7.817E+01 7.807E+01 7.798E+01 7.793E+01

IY21 7.826E+01 7.817E+01 7.807E+01 7.799E+01 7.794E+01

I"Y=20 7.826E+01 7.817E+01 7.808E+01 7.&OOE+01 7.797E+01

1Yulg 7.826E+01 7,8i8E+01 7.810E+01 7.804E+01 7.802E+01

IY-18 7.827E+01 7.819E+01 7.814E+01 7.812E+01 7.813E+01

IY=17 7.828E+01 7.822E+01 7.823E+01 7.829E+01 7.836E+01

IY=16 7.830E+01 .7.829E+01 7.840E+01 7.860E+01 7.875E+01

IY=15 7.835E+01 7.843E+01 7.871E+01 7.911E+01 7.937E+01

XY=14 7.847E+01 7.872E+01 7.921E+01 7.982E+01 8.016E+01

IY213 7.873E+01 7.922E+01 7.989E+01 8.061E+01 8.094E+01

IYm12 7.922E+01 7.996E+01 8.067E+01 8.129E+01 8.151E+01

XYall 8.005E+01 8.088E+01 8.141E+01 8:176E+01 8.185E+01

lYflO 8.114E+01 8.178E+01 8.203E+01 8.213E+01 8.214E+01

lY- 9 8.2225+01 8.2505+01 8.252E+01 8.248E+01 8.244E+01

Itz 8 8.300E+01 8.301S+01 8.292E+01 8.281E+01 8.275E+01

IYm 7 8.362E+01 8.349E+01 8.331E+01 8.310E+01 8.298E+.01

lYO 6 8.472E+01 8,429E+01 8.390E+01 8.370E+01 8.368E+01

IY* 5 8.798E+01 9.988E+01 1.303E+02 1.8555+02 2.212E+02

lYO 4 3.072E+02 6.276E+02 1.1154E03 i.668E+03 1.947E÷03

IY- 3 3,954E+03 5.202E+03 5.826E+03 6.103E+03 6.201Z+03

1YO 2 1.268E+04 1.281+E04 1.296E÷04 1.317E404 1.328E+04

IY= 1 3.625.+03 3.572E+03 3.513E+03 3.459E+03 3.440E+03

IZa 11 12 13 14 1s

YzZ25 7.788E+01 7.786E+01 7.785÷+01 7.785E401 7.800C+01

1Y=24 7.788E+01 7.786E+01 7.785E+01 7.785E+01 7.801+E01

IY*23 7.788E+01 7.787?E01 7.786E+01 7.787E+01 7.830E+01

1Y:22 7.789E+01 7.788E+01 7.786E+01 7.7899+01 7.868E+01

IYe21 7.790E+01 7.789E+01 7.788E+01 7.793E+01 7.908C+01

IY:20 7.793E+01 7.793E+01 7.792E+01 7.799E+01 7.944E+01
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IY=19 7.800E+01 7.800E*01 7.800E+01 7.808E+01 7.978E+01

IY=18 7.815E+01 7.816E+01 7.817E+01 7.827E+01 8.018E+01

IY=17 7.843E+01 7.845E+01 7.848E+01 7.861E+01 8.074E+01

IY;16 7.892E+01 7.896E+01 7.901E+01 7.918E+01 8.158E+01

£Y=15 7.964E+01 7.972E+01 7.980E+01 8.001E+01 8.266E+01

IY=14 8.051E+01 8.060E+01 8.069E+01 8.092E+01 8.374E+01

IY=13 8.125E+01 8.133E+01 8.140E+01 8.161E+01 8.438E+01

IY=12 8.169E+01 8.173E+01 8.177E+01 8.193E+01 8.444E+01

IY=11 8.191E+01 8.193E+01 8.194E+01 8.206E+01 8.418E+01

IY=10 8.213E+01 8.212E+01 8.212E+01 8.221E+01 8.389E+01

Iy= 9 8.240E+01 8.239E+01 8.238E+01 G.243E+01 8.359E+01

Iy= 8 8.268E+01 8.266E+01 8.264E+01 8.264E+01 8.305E+01

ty 7. 8.285E+01 8.281E+01 8.278E+01 8.274E+01 8.311E+01

Iy= 6 8.376E+01 8.379E+01 8.380E+01 8.375E+01 9.621E+01

IY= 5 2.651E+02 2.773E+02 2.889E+02 2.954E+02 5.342E+02

IY= 4 2.205E+03 2.272E+03 2.333E+03 2.372E+03 2.743E+03

Iy= 3 6.260E+03 6.175E+03 6.282E+03 6.173E+03 6.404E+03

IY= 2 1.336E+04 1.339E+04 1.340E+04 1.280E+04 1.209E+04

IY= 1 3.424E+03 3.432E+03 3.455E+03 3,710E+03 3.812E+03

IZ= 16 17 18 19 20

IY=25 8.118E+01 8.132E+01

IY=24 8.131E+01 8.267E+01

IY=23 8.676E+01 8.906E+01

IY=22 9.366E+01 9.654E+01

IY=21 1.006E+02 1.036E+02

IY=20 1.066E+02 1.096E+02

0 IY=19 1.114E+92 1.145E+02

IY=18 1.156E+02 1.189E+02

IY=17 1.200E+02 1.230E+02

IY=16 1.249E+02 1.266E+02

IY=15 1.300E+02 1.288E+02

IY=14 1.334E+02 1.288E+02

IY=13 1.331E+02 1.267E+02

IY=12 1.289F+02 1.245E+02

IY=ll 1.222E+02 1.263E+02
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S=10 1.1,49E+02 1.378E+02

rY= 9 1.07oOE02 1.686E+02

IY= 8 9.539Eo01 2.3575+02

uY= 7 8.569E+01 3.751E+02

lIY: 6 1.112E+02 6.565E+02

lY= 5 7.104E+02 1.220E+03

IY= 4 2.868E+03 1.423E+03

IY- 3 6.069E+03 1.409E+03

IY= 2 1.048E+04 1.217E+03

IY= I 7.140E+02 1.112E+03
SIZ= 21 22

FIELD VALUES OF EP

IY=25 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

IY=24 8.757E+03 8.747E+03 8.736Z+03 8.726E+03 8.715E+03

IY23 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

IY=22 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

IY=21 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

IY=20 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

IY=19 8.757E+03 8.747E+03 8.736E+03 8.7265+03 8.7155+03

IYul8 8.757E+03 8.747E+03 8.7365+03 q.726E+03 8.715E+03

IY=17 8.757E403 8.7475+03 8.736E+03 8.726E+03 8.715E+03

IY=16 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

IYu15 8.7575+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

/Ym14 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

rY 13 8.7575+03 8.7475+03 8.736E+03 8.726E+03 8.715E+03

IYa12 8.757E%03 8.747E+03 8.736E*03 8.726E+03 8.715E+03

IY=11 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.715E+03

IY=1O 8.757E+03 8.7475+03 8.736E+03 8.726E+03 8.715E+03

No 9 8.757E+03 8.747E+03 8.736E+03 8.726E+03 8.716E+03

lYO 8 8.757E+03 8,747E+03 8.736E+03 8.726E+03 8.718E+03

IY= 7 8.757E+03 8.747E+03 8.736E+03 8.727E+03 8.741E+03

IYO 6 8.757E+03 8.747E+03 8.736E+03 8.733E+03 9.0805403

IY= 5 8.757E+03 8.747E+03 8.737E+03 8.767E+03 1.1335+04

XY= 4 8.757E+03 8.747E+03 8,737E+03 8.797E+03 1,514E+04

IY= 3 8.757,+03 8.747E+03 8.737E+03 8.833E+03 2.691E+04
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IY= 2 8.757E+03 8.747E+03 8.737E+03 8.854E+03 7.841E+04

,Y= 1 8.757E+03 8.747t+03 8.737E+03 8.858E+03 4.127E+05

IZ= 1 2 3 4 5

IY=25 8.705E+03 8.695E+03 8.684E+03 8.6645+03 8.643E+03

-Y=24 8.705E+03 8.6958+03 8.684E+03 8.664E+03 8.643E+03

IY=23 8.705E+03 8.695E+03 8.684E+03 8.664E+03 8.643E+03

IY=22 8.705E+03 8.695E+03 8.684E+03 8.664E+03 8.643E+03

IY=21 8.705E+03 8.6955+03 8.684E+03 8.664E+03 8.643E+03

IY=20 8.705E+03 8.695E+03 8.684E+03 8.664E+03 8.643E+03

IY=19 6.705E+03 8.695E+03 8.684E+03 8.664E+03 8.644E+03

IY=18 8.705E+03 8.695E+03 8.684E+03 8.664E+03 8.644E+03

IY=17 8.705E+03 8.695E+03 8.684E+03 8.664E+03 8.644E+03

IY:16 8.705E+03 8.695E+03 8.684E+03 8.664E+03 8.645E+03

IY=15 8.705E+03 8.695E+03 8.685E+03 8.665E+03 8.6475E+03

1Y=14 8.705E+03 8.695E+03 8.685E+03 8.6665E+03 8.653E+03

IY=13 8.705E+03 8.695E+03 8.685E+03 8.669E+03 .- 8.6675E+03

IY=12 8.705E+03 8.695E+03 8.6865E+03 8.679E+03 8.701E+03

IY=11 8.705E+03 8.695E+03 8.690E+03 8.705E+03 8.778E+03

IY=10 8.706E+03 8.697E+03 8.702E+03 8.774E+03 8.922E+03

IY: 9 8,707E+03 8.706E+03 8.744E+03 8.926E+03 9.134E+03

IYz 8 8.720E+03 8.756E+03 8.884E+03 9.186E+03 9.390E+03

Iy= 7 8.831E+03 9.038E+03 9.289t+03 9.7089+03 1.022E+04

IYc 6 9.706E+03 1.031E+04 1.075E+04 1.436E+04 2.101E+04

SIYm 5 1 .429E+04 1.807E+04 2.653E+04 1.475E+05 4.333E+05

IYO 4 2.431E+04 3.954E+04 1.337E+05 1.988E+06 6.624E+06

IY= 3 9.252E+04 1.188E+06 3.878E+06 4.208E+07 1.782E+08

IYU 2 2.071E+07 5.621E+07 1.269E+08 1.144E+09 1.777E+00

Iya 1 3.590E+09 2.529E+09 2.014E+09 2.149E+09 2.168E+09

IZ= 6 7 a 9 10

IY=25 8,623E+03 8.602E+03 8.582E+03 8.562E+03 8.552E+03

IY=24 8.623E÷03 8.603E+03 8.582E+03 8.562E+03 8.552E+03

XY-23 8.623E+03 8.603E+03 8.582E+03 8.562E+03 8.552E+03

WY22 8.623E+03 8.603E+03 8.583E+03 8.563E+03 8.553E+03
IY=21 8.623E+03 8.603E+03 8.583E+03 8.564E+03 8.555E+03

IY=20 8.623E+03 8.603E+03 8.584E+03 8.567E+03 8.559E+03
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IY=1g 8.6233+03 8.604E+03 8.587E+03 8.573E+03 8.567E+03.

IY=18 8.6245+03 8.606E+03 8.594E+03 8.585E+03 8.5845+03

-Y=17 8.625E+03 8.611E+03 8.607E+03 8.611E+03 8.619E+03

IY416 8.629E+03 8.6225+03 8.633E+03 8.659E+03 8.680E+03

IY=15 8.637E+03 8.644E+03 "8.682E+03 8.739E+03 8.778E+03

1Y=14 8.655E+03 8.689E+03 8.760E+03 8.853E+03 8.904E+03

IY=13 8.695E+03 8.767E+03 8.870E+03 8.980E+03 9.031E+03

IY=12 8.773E+03 8.C85E+03 8.994E+03 9.088E+03 9.121E+03

lY=ll 8.904E+03 9.033E+03 9.113E+03 9.167E+03 9.181E+03

IY=10 9.081E+03 9.182E+03 9.225E+03 9.256E+03 9.267E+03

IY= 9 9.268E+03 9.336E+03 9.397E+03 9.501E+03 9.565E+03

IY= 8 9.537E+03 9.764E+03 1.014E+04 1.073E+04 1.109E+04

IY= 7 1.119E+04 1.279E+04 1.537E+04 1.942E+04 2.190E+04

IY= 6 3.226E+04 5.461E+04 9.536E+04 1.604E+05 1.997E+05

IY= 5 9.357E+05 1.806E+06 3.144E+06 5.035E+06 6.175E+06

IY= 4 1.492E+07 3.013E+07 5.230E+07 7.701E+07 8.955E+07

IY= 3 3.291E+08 4.211S+08 4.6499+08 4.843E+08 4.922E+08

IY=2 1.845E+09 1.780E+09 1'.750E+09 1.758E+09 1.773E+09

IYM 1 2.160E+09 2.138E+09 2.109E+09 2.086U+09 2.087E+09

IZr 11 12 13 "14 15

I25 8.542E+03 8,539E+03 8.537E+03 8.535E+03 8.553E+03

1Y-24 8.542E+03 8.539E+03 &.537E+03 8.535E+03 8.554E+03

lY-23 8.542E+03 8.540E+03 8.537E+03 8.537E+03 8.593E+03

ZY-22 8.543E+03 8.541E+03 8.538E+03 8.540E+03 8.649E+03

IY¥21 8.546E+03 8.543E+03 8.5415+03 8.545E+03 8.7176+03

IY*20 8.551E+03 8.$485+03 8.547E+03 8.554E+03 8.7885+03

lY-Ig 8.561E+03 8.560E+03 8.559E+03 8.569E+03 8.862E+03

MI18 8.584E+03 8.504E+03 8.585E+03 8.5989+03 6.944E+03

IY=17 8.627E+03 8.630E+03 8.633E+03 8.652E+03 9.052Et03

IYm16 8.704E+03 8.710E+03 8.717E+03 8.742E+03 9.202+03

MIYS 8.819E+03 8.830E+03 8.841E+03 8.873E+03 *9.392E+03

XY14 8.957E+03 8.971E+03 8.985E+03 9.020E+03 9.571E+03

IY=13 9.078E+03 9.090E+03 9.101E+03 9.131E+03 9.662E+03

4 Y=12 9.149E+03 9.155E÷03 9.161E+03 9.184E+03 9.646E+03

IY=11 9.192E+03 9.194E+03 9.196E+03 9.213E+03 9.592E+03
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IY=10 9.281E+03 9.285E+03 9.290E+03 9.306E+03 .9.623E+03

IY= 9 9.645E+03 9.668E+03 9.692E+03 9.731E+03 1.010E+04

IY= 8 1.150E+04 1.162E+04 1.175E+04 1.192E+04 1.357E+04

IY= 7 2.488E+04 2.572E+04 2.658E+04 2.769Z+04 5.542E+04

IY= 6 2.458E+05 2:584E+05 2.706E+05 2.807E+05 8.856E+05

Iy= 5 7.500E+06 7.857E+06 8.174E+06 8.243E+06 2.090E+07

IY= 4 1.011E+08 1.041E+08 1.067E+08 1.076E+08 1.454E+08

IY= 3 4.969E+08 4.984E+08 4.987E+08 4.856E+08 5.439E+08

IY= 2 1.785E+09 1.790E+09 1.794E+09 1.692E+09 1.651E+09

IY= 1 2.085E+09 2.100E+09 2.125E+09 2.368E+09 2.462E+09

IZ= 16 17 18 19 20

IY=25 9.070E+03 9.100E+03

IY=24 9.091E+03 9.400E+03

IY=23 1.003E+04 1.086E+04

IY=22 1.135E+04 1.348E+04

IY=21 1.289E+04 1.859E+04

IY=20 1.446E+04 2.946E+04

IY=19 1.595E+04 5.118E+04

IY*18 1.731E+04 1.035E+05

IY=17 1.864E+04 2.S'T+05

IY=16 2.005E+04 4.036E+05

.1=15 2.144E+04 7.768&+05

MYu14 2.225E+04 1.465E+06

IY213 2,183E+04 2.723E+06

IY=1Z 2.029E+04 5.012E+06

IYe11 1.834E+04 9,216E+06

IYM10 1.670E+04 1.711E+07

IYO 9 1.620E+04 3.2486E+07

IY= 8 2.181E+04 6.375E+07

Xy= 7 1.107E+05 1.303E+08

IYm 6 1.640E+06 2.789E+08

IY= 5 3.001E+07 6.337E+08

IYM 4 1.360E+08 S.0OE+08

IY= 3 4.985E+08 1.083E+09

IY= 2 1.293E+09 1.309E+09
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"1YT 1 1.996E+08 1.758E+09

-Z= 21 22

FIELD VALUES OF VRES

.Y.25 O.OOOE+00 O.OOOE+OC OO.00E+00 O0O.00E+00 O.OOOE+00

TY=24 2.052E-06 -1.224E-04 -1.195E-04 -6.079E-05 -9.292E-04

IY=23 3.358E-07 6.82SE-05 1.895E-04 3.480E-04 1.501E-04

IY=22 -8.184E-06 1. 05E-04 2.637E-04 2.522E-04 3.907E-04

I- •21 1.187E-05 7.094E-05 6.387E-05 6.128E-05 5.942E-05

IY=20 1.097E-05 -6.435E-05 -4.912E-05 -5.266E-05 -1.099E-05

IY=19 -2.301E-05 4.334E-06 2.947E-05 6.302E-05 -4.042E-05

.IY=18 -6,659E-06 -8.743E-05 -6.123E-05 -5.2635-05 -3.187E-04

IY=17 3.383E-05 6.117E-05 -1.151E-04 -2.470E-04 -5.219E-04

IY=16 -2.302E-05 -1.0372-04 -9.871E-05 -1.2985-04 6.546E-05

IY=15 -6.482E-05 1.465E-05 8.743E-06 1.592E-04 3.456E-04

IY=14 3.515E-05 7.435E-05 6.181E-05 3.146E-05 6.5805-05

IY=13 2.856E-06 1.343E-05 1.237E-04 2.093E-04" 6.133E-04

iYu12 3.145E-05 1.130E-04 2.238E-04 5.125E-04 1.591E-03

IY-11 2.904E-06 1.089E-04 1.719E-04 7.715E-04 3.107E-03

IY10 -2.627E-05 .3.378E-05 2.726E-04 1.538E-03 8.676E-03

IYa 9 4.137E-05 -6.509E-05 4.582E-04 4.362E-03 2.560E-02

IlY 8 -3.2375-05 3.282E-04 1.816E-03 1.201EO-0 7.6009-02

IY= 7 1.592E-05 3.752E-04 3.623E-03 2.936E-02 2.202E-01

niY 6 1.608E-04 '7.173E-04 6.174E-03 6.201E-02 6.055E-01

IYz 5 3.930E-04 1.353E-03 6.708E-03 8.256E-02 1.356E+00

llY 4 5.092E-04 i.189E-03 4.613E-03 5.813E-02 1..95E+00

lYu 3 4.218E-04 8.586E-04 2.627E-03 3.353E-02 9.710E-01

IY" 2 3.041E-04 4.4225-04 1.154E-03 1.487E-02 5.511E-01

IY= 1 8.210E-05 1.174E-04 2.9675-04 4.057E-03 1.595E-01

IZZ 1 2 3 4 5

IY2S O.O000E+00 0.000+0O0 0.000E+00 O.O005+00 0O.O000O0

IY=24 -3.247E-03 -3.952E-03 -2.227E-03 2.613E-03 4.126t-03

1Y=23 -4.655-E04 -1.387E-03 -1.980E-03 8.681E-05 4.066E-03

IY=22 2.329E-04 3.420E-06 -2.383E-04 4.747E-04 5.184E-03

I Y=21 4.047E-04 5.827E-04 5.886E-04 1.634E-03 9.322E-03

IY=20 -2.146E-04 -1.8585-04 3.750E-06 3.045E-03 1,.750E-02

169



1Yz19 -2.367E-04 -5.718E-04 -2.735E-04 5.541E-03 3.258E-02

1Y=18 -4.877E-04 -3.759E-04 2.366E-04 1.168E-02 6.151E-02

IYu17 -5.350E-04 -2.207E-04 1.515E-03 2.356E-02 1.175E-01

IY=16 6.400E-05 4.193E-04 3.462E-03 4.610E-02 2.223E-01

IY=15 3.047E-04 1.151E-03 7.800E-03 9.291E-02 4.241E-01

IY=14 8.382E-04 3.248E-03 1.681E-02 1.876E-01 8.105E-01

IY=13 1.834E-03 7.435E-03 3.706E-02 3.837E-01 1.549E+00

IY=12 4.795E-03 1.853E-02 8.433E-02 7.940E-01 2.952E+00

IY=11 1.282E-02 4.978E-02 2.021E-01 1.660E+00 5.564E+00

iY=10 3.679E-02 1.399E-01 5.050E-01 3.487E+00 1.026E+01

lY= 9 1.132E-01 4.136E-01 1.322E+00 7.282E+00 1.815E+01

IY= 8 3.587E-01 1.277E+00 3.592E+00 1.479E+01 2.997E+01

:1 1Y 7 1.197E+00 4.077E+00 9.8675+00 2.809E+01 4.460E+01

IY= 6 4.282E+00 1.312E+01 2.572E+01 4.691E+01 5.744E+01

IY= 5 1.696E+01 3.977E+01 5.607E+01 6.261E+01 6.183E+01

1Y= 4 2.920E+01 5.103E+01 6.0335+01 *6.2765+01 6.1765+01

IYz 3 4.116E+01 5.798E+01 6.180E+01 6.171E+01 5.954E+01

IYm 2 5.205E+01 6.027E+01 5.991E+01 5.610E+01 5.381E+01

IY= 1 5.081E+01 4.636E+01 4.207E+01 4.195E+01 4.190E+01

IZU 6 7 .8 9 10

IMYS2 0.0005+00, O.O00+00 0O.000+00 0O.000+00 0.0005+00

IY=24 6.396E-03 1.690E-02 4.781E-02 1.181E-01 1.683E-01
IYw23 1.264E-02 3.8265E-02 1.081E-01 2.643E-01 3.746E-01

lYw22 2.134E-02 7.058E-02 1.9955-01 4.810E-01 6.775E-01

1Y-21 3.834E-02 1.253E-01 3.481E-01 8.206E-01 1.148E+00

SIYf20 6.926E-02 2.206E-01 5.9485-01 1,3669+00 1.894E+00

1Ys19 1.253E-01 3.863E-01 1.007E+00 2.238E+00 3.070E+00

XY0!8 2.279E-01 6.751E-01 1.689E+00 3.616E+00 4.894E+00

X ZY=17 4.144E-01 1.174E+00 2.806E+00 5.745E+00 7.648E+00
IY=16 7.5105-01 2.026E+00 4.596E+00 8.9355+00 11665+01

IY=15 1.359E+00 3.4615+00 7.390E+00 1.351E+01 1.7205+01

XY&14 2.442E÷00 5,823E+00 1.158E+01 1.971E+01 2.435E+01

kY=13 4.342E+00 9.578E+00 1.754E+01 2.748E+01 3.2796+01

IY=12 7.581E+00 1.525E+01 2.536£+01 3.632E+01 4.164E+01

1Y=11 1.285E+01 2.3185+01 3.471E÷01 4.508E+01 4.956E+01
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IY=10 2.083E+01 3.317E+01 4.443E+01 5.254E+01 5.565E+01

IY= 9 3.162E+01 4.401E+01 5.275E+01 5.779E+01 5.949E+01

1y= 8 4.396E+01 5.346E+01 5.844E+01 6.066E+01 6.128E+01

1y= 7 5.485E+01 5.949E+01 6.116E+01 6.165E+01 6.174E+01

IY= 6 6.084E+01 6.158E+01 6.170E+01 6.174E+01 6.175E+01

IY= 5 6.140E+01 6.156E+01 6.165E+01 6.150E+01 6.137E+01
Iy= 4 6.108E+01 6.065E+01 5.991E+01 5.887E+01 5.831E+01

IY= 3 5.736E+01 5.579E+01 5.465E+01 5.383E+01 5.349E+01

1y= 2 5.285E+01 5.228E+01 5.169E+01 5.114E+01 5.089E+01

IY= 1 4.162E+01 4.124E+01 4.080E+01 4.038E+01 4.020E+01

IZ= 11 12 13 14 15
I Y=25 O.O00+00 0O.000+00 0O.0O0+00 0O.000+00 0O.000+00
I1Y=24 2.365E-01 2.553E-01 2.743E-01 2.940E-01 3.138E-01

IY=23 5.204S-01 5.610E-01 6.016E-01 6.430E-01 6.855E-01

IY=22 9.349E-01 1.007E+00 1.079E+00 1.152E+00 1.229E+00

IY=21 1.573E+00 1.693E+00 1.812E+00 1.934E+00 2.064E+00

IY=20 2.572E+00 2.763E+00 3.955E+00 3.151E+00 3.361E+00

IY=19 4.123E+00 4.421E+00 4.719E+00 5.026E+00 5.358E+00

IY-18 6.484E+00 6.933E+00 7.384E+00 7.846E+00 8.354E+00IY=17 9.963E+00 1.062E+01 1.127E+01 1.194E+01 1.268E+01

IY=16 1.487E+01 1.577E+01 1.667E+01 1.759E+01 1.861E501
IY15 2.138E+01 2.254E+01 2.369E+01 2.486E+01 2.616E+01

IY=14 2.935E+01 3.073E+01 3.208E+01 3.343E+01 3.490E+01

ZYu13 3.813E+01 3.956E+01 4.091E+01 4.223E+01 4.361E+01
IYO1Z 4.642E+01 4.766E÷01 4.880E+01 4.989E÷01 5.099E+01

IY=11 5.320E+01 5.4114+01 5.493E+01 5.568E+01 5.641E+01

IY=IO 5.792E+01 5.8477+01 5.893E+01 5.9336+01 5.991E+01

IY= 9 6.056E+01 6.079E+01 6.098E+01 6.113E+01 6.125E+01
XY= 8 6.158E÷01 6.164E÷01 6.167E÷01 6.170E+01 6.171E÷01

IY= 7 6.1779+01 6.177E+01 6.176E÷01. 6.175E÷01 6.'173E+01

A Yz 6 6,175E•01 6.174E+01 6,172E+01 6.167E+01 6.144E÷01

IY= 5 6.120E+0• 6.114E÷01 6.101E+01 6.060E+0! 5.857E÷01

IY= 4 5.775E+01 5.757E+01 5,730E+01 5.636E+01 4.991E+01

IY= 3 5.321E+01 5.313E÷01 5.298E+01 5.187E+01 3.630E+01

lym 2 3.069E+01 5.065E+01 5.062E+01 4.999E+01 2.377E+01
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1Y= 1 4.005E401 4.005E+01 4.012E+01 4.085E+01 6.385E+00

IZZ 16 17 18 19 20

1Y=25 0.000E+00 O.000E+00

IYm24 3.3455-01 4.164E-01

IY|Y23 7.320E-01 9.446E-01

IY=22 1.317E+00 1.8085+00

IY=21 Z.215E+0o 3.229E+00

1Y=20 3.603E+00 5.489E+00

IY:19 5.713E+00 8.894E+00

IY=18 4.858E+00 1.369E+01

IYu17 1.338E+01 1,996E+01

IYul6 1.953E+01 2.749E+01 -

IY=15 2.730E+01 3.568E+01

fY=l4 3.614E+01 4.361E+01

IY=13 4.475E+01 5.023E+01

iY=12 '5,190E+01 5.484E+01

aiY11 5,700E+01 S5.722E+01

IYml0 6.001E+01 5,746E+01

IY= 9 6.135E+01 5.571E+01

IYz 8 6.172E+01 5.197E+01
IYix I 6.167E+01 4.570E+01

lYO 6 6.103E+01 3.572E+01

IYu 5 5,525E+01 2.0(01+01

UsY 4 4.176E+01 6.139E+00

IYu 3 2.483E+01 1.6265E+00

lYr 2 8.6765+00 -4.058E-01

IYN I 3.213E-01 -8.948E-01

UZS 21 22

FIELD VALAUES OF VCRT

IY25 O.O00E+O0 O.O00E+00 0.000£+00 0.OOOE400 O.O00E+00

IY=24 2.052E-06 -1.224E-04 -1.19SE-04 -6.079E-05 -9.309E-04

1Y=23 3.358E-07 6.82SE-05 1.89SE-04 3.460E-04 1.468E-04

IY=22 -8.184E-06 1.025E-04 2.637E-04 2.522E-04 3.874E-04

IY=21 1.187E-05 7.094E-05 6.387E-05 6.128E-05 5.611E-05

IYr20 1.097E-05 -6.435E-05 -4.912E-05 -5.266E-05 -1.761E-05
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IY=19 -2.301E-05 4.384E-06 2.947E-05 6.302E-05 -5.035E-05

IY=18 -6.659E-06 -8.743E-05 -6.123E-05 -5.263E-05 -3.187E-04

I¥=17 3.383E-05 6.117E-05 -1.151E-04 -2.470E-04 -5.219E-04

IY=16 -2.302E-05 -1.037E-04 -9.871E-05 .-1.298E-04 6.21S5-05

IY=15 -6.4825-05 1.465E-05 8.743E-06 1.592E-04 3.390E-04

IY=14 3.515E-05 7.435E-05 6.181E-05 3.146E-05 5.587E-05

IY=13 2.856E-06 1.343E-05 1.237E-04 2.093E-04 6.001E-04

IY=12 3.145E-05 1.130E-04 2.2385-04 5.125E-04 1.571E-03

Y=11 .2.904E-06 1.089E-04 1.719E-04 7.715E-04 3.103E-03

IY=10 -2.627E-05 3.378E-05 2.726E-04 1.538E-03 8.667E-03

IY= 9 4.137E-05 -6.509E-05 4.582E-04 4.362&-03 2.558E-02

IY= 8 -3.237E-05 3.282E-04 1.816E-03 1.201E-02 7.597E-02

IY= 7 1.592E-05 3.752E-04 3.623E-03 2.936E-02 2.202E-01

Iy= 6 1.608E-04 7.173E-04 6.174E-03 6.201E-02 6.055E-01

IY= 5 3.930E-04 1.3535-03 6.708E-03 8.256E-02 1.356E+00

IY= 4 5.092E-04 1.189E-03 4.613E-03 5.813E-02 1.259E+00

IY- 3 4.218E-04 8.586E-04 2.6275-03 3.353E-02 9.710E-01
IYa 2 3.041E-04 4.422E-04 1.154E-03 1.487E-02 5.511E-01

•ZY 1 8.210E-05 1.174E-04 2.967E-04 4.057E-03 1,59SE-01

XZM 1 2 3 4 5

IYw25 0.0005+00, 0.000+00 0.000+00 O.O00+00 0.0005+00

IY=24 '-3.247E-03 -3.952E'-03 -2.2.275-43 2.613E-03 4.126E-03

IYA23 -4.65S5-04 -1.387E-03 -1.980E-03 8.3505-05 4.063E-03

IY-22 2.296E-04 1.107E-07 -2.416E-04 4.7149-04 5.184E-03

IY=21 3.948E-04 5.7286-04 5.820E-04 1.628E-03 9.316E-03

IY=20 -2.245E-04 -1,991E-04 3.750 -06 3.028E-03 1.7575-02

1Y=19 -2.4006-04 -5.784E-04 -2.768E-04 5.5385-03 3.257E-02

SYO18 -4.94SE-04 -3.892E-04 2.1685-04 1.1675-02 6.150E-02

1YO17 -5.5158-04 -2.306E-04 1.5096-03 2.355E-02 1.174E-01

MY16 4.084E-05 3.995E-04 3.4456-03 4.608£-02 2.223E-01

Y=15 2.981E-04 1.144E-03 7.7876-03 9.291E-02 4.241E-01

IYa14 8.117E-04 3.248E-03 1.681E-02 1.876c-01 8.105E-01
IY=13 1.821E-03 7.402E-03 3.704E-02 3.837E-01 1,549E+00

1Y=12 4.782E-03 1.852E-02 8.432E-02 7.9405-01 2.952E+00

ZYO11 1.280E-02 4.9785-02 2.021E-01 1.6606+00 5.564E÷00
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IY=10 3.679E-02 1.399E-01 5.049E-01 3.487E+00 1.026E+01

IY= 9 1.132E-01 4.136E-01 1.3Z1E+00 7.282E+00 1.815E+01

.y= 8 3.587E-01 1.277E+00 3.592E+00 1.479E+01 2.997E+01

=Y= 7 1.196E+00 4.077E+00 9.867E+00 2.809E+01 4.460E+01

Iy= 6 4.282E+00 1.312E+01 2.572E+01 4.691E+01 5.744E+01

,Y= 5 1.696E+01 3.977E+01 5.607E+01 6.261E+01 6.183E+01

Iy= 4 2.920E+01 5.103E+01 6.033E+01 6.276E+01 6.176E+01

IY= 3 4.116E+01 5.798E+01 6.180E+01 6.171E+01 5.954E+01

IY= 2 5.205E+01 6.027E+01 5.991E+01 5.610E+01 5.381E+01

IY= 1 5.081E+01 4.636E+01 4.207E+01 4.195E+01 4.190E+01

iZ= 6 7 8 9 10

iY=25 O.O00E+00 O.O00E+00 O.O00E+00 .0.000E+00 O.OOOE+00

.Y=24 6.396E-03 1.690E-02 4.781E-02 1.181E-01 1.683E-01

1Y=23 1.264E-02 3.825E-02 1.081E-01 2.643E-01 3.746E-01

IY=22 2.133E-02 7.058E-02 1.995E-01 4.810E-01 6.775E-01

IY=21 3.833E-02 1.253E-01 3.481E-01 8.206E-01 1.148E+00

IYo20 6.924E-02 2.206E-01 5.948E-01 1.366E+00 1.894E+00

IY=19 1.253E-01 3.863E-01 1.007E+00 2.238E+00 3.070E+00

IY=18 2.279E-01 6,750E-01 1.689E+00 3.616E+00 4.894E+00

IY=17 4.144E-01 1.174E+00 2.806E+00 5.745E+00 7.648E+00

S1Y=16 7.509E-01 2.026E+00 4.596E+00 8.934E+00 1.166E+01

MYIS 1.359E+00 3.461E+00" 7.389E+00 1.351E+01 1.720E+01

IY¥14 2.442E+00 5.823E+00 1.1586+01 1.971E+01 2.43SE+01

IYA13 4.342E+00 9.578E+00 1.754E+01 2.748E+01 3.279E+01

IYO1Z 7.581E+00 1.525E+01 2.538E+01 3.632E+01 4.164E+01

% Yft11 1.285E+01 2.318E401 3.471E+01 4.508E+01 4.956E+01

IYIO 2.083E+01 3.317E+01 4,443E+01 5.254E+01 5.565E+01

IYd 9 3.162E+01 4.401E+01 5.2756+01 5.779E+01 5.949E+01

IYM 8 4..396E+01 5.3466.+01 5.844E+01 6.066E+01 6.128E+01

IY= 7 5.485E+01 5.949E+01 6.116E+01 6.165E+01 6.174E+01

IY= 6 6.084E+01 6.158E+01 6.170E+01 6.174E+01 6.175E+01

I Y= 5 6.1406+01 6.156E+01 6.165E+01 6.150E+01 6.137E+01

1y= 4 6.108E+01 6.065E+01 5.991E+01 5.887E+01 5.831E+01

IY= 3 5,736E+01 3.379E+01 5.465E+01 5.383E+01 5.349E+01

IY= 2 5.285*E01 5.228E+01 5.169E+01 5.114E+01 5.089t+01
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IYE 1 4.162E+01 4.124E+01 4.080E+01 4.038E+01 4.020E+01

-Z= 11 12 13 14 15

"-IY25 0.0005+00 O.O00E+00 0.0005+00 O.O00E+00 O.O00E+00

IY=24 2.3655-01 2.553E-01 2.743E-01 2.940E-01 3.138E-01

mY=23 5.204E-01 5.610E-01 6.016E-01 6.430E-01 6.855E-01

'Y22 9.349E-01 1.007E+00 1.079E+00 1.152E+00 1.229E+00

IY=21 1.573E+00 1.693E+00 1.812E+00 1.934E+00 2.064E+00

iYo20 2.572E+00 2.763E+00 2.955E+00 3.151E+00 3.361E+00

IY=19 4.123E+00 4.4215+00 4.719E+00 5.026E+00 5.358E+00

IY=18 6.484E+00 6.933E+00 7.384E+00 7.846E+00 8.354E+00

lY=17 9.963E+00 1.062E+01 1.127E+01 1.194E+01 1.268E+01

IY.16 1.487E+01 1.577E+01 1.667E+01 1.759E+01 1.861E+01

IY=15 2.138E+01 2.254E+01 2.369E+01 2.486E+01 2.6165+01

nY=14 2.935E+01 3.073E+01 3.208E+01 3.343E+01 3.490E+01

IY=13 3.813E+01 3.956E+01 4.091E+01 4.223E+01 4.361E+01

IYul2 4.6425+01 4.766E+01 4.880E+01 4.989E+01 5.099E+01

IYJ11 5.320E+01 5.411E+01 5,493E+01 5.568E+01 5.641E+01

IY=l0 5.792E+01 5.847E+01 5.893E+01 5.933E+01 5.971E+01

IYi 9 6.056E+01 6.079E+01 6.098E+01 6.113E+01 6.125E+01

i Y- 8 6.158E+01 6.164E+01 6.167E+01 6.170E+01 6.171E+01

IYa 7 6.1775+01 6.1775+01 6.176E+01 6.175E+01 6.173E+01

IY. 6 6.175E+01 6.174E+01 6.172E+01 6.,167+o0 6.144E+01

.IY S 6.120E+01 6.1145+01 6.101E+01 6.060E+01 5.857E+01

IYu 4 5.775E+01 5.757E+01 5.7305+01 3S.636C+01 4.991E+01

IyU 3 5.321E+01 5.313E+01 5.2985+01 5.187E+01 3.830E+01

IY- 2 5.069E+01 5.065E+01 5.062E+01 4.999E+01 2.377E+01

IY- 1 4.00O5+01 4.0055+01 4.012E+01 4.08SE+01 6.385E+00

Sza 16 17 18 19 20

IYM2S O.005+00 O.O00E+00

IY*24 3.345E-01 4.164E-01

IY-23 7.321C-01 9.447E-01

1Y=22 1.317E+00 1.809E+00
IY421 2.215E+00 3.229E+00

IY=20 3,603E+00 5.489E+00

IY=19 5.713E+00 8.894E+00
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IY=18 8.859E+00 1.370E+01

IY=17 1.338E+01 1.996E+01

IY=16 1.953E+01 2.749E+01

IY=15 2.730E+01 3.568E+01

lYm14 3.614E+01 4.361E+01

1Y=13 4.475E+01 5.023E+o0

IY=12 5.190E+01 5.484E+01

IY=11 5.700E+01 5.722E+01

IY=IO 6.001E+01 B.746E+01

IY= 9 6.135E+01 5.571E+01

IY= 8 6.172E+01 5.1t97E+01

IY= 7 6.167E+o1 4.570E+01

IY= 6 6.103E+01 3.572E+01

IY= 5 5.525E+01 2.000O+01

IYx 4 4.176E+01 6.139E÷DO

IY= 3 2.48M+91 1.626E+00

IYu 2 8.676E+00 -4.055E.-O0

IY= I 3,196E-01 -8.963E-01

IZU 21 22

FIELD VALUES OF IRES

IYuZS 8.885E+02 8.8851+02 8.885E+02 6.805E% .0,985E+02

IY224 8.885E+02 B.,86E+O2 8.085E+O1 8.BeSE+tO 8.885E+02

lYw23 81885E+C2 8.885E+02 8,6854i÷C 4+02 8.885&+02

1Y42 8.885E+02 8.885E÷02 8,86401 8,885+02 06.885E+02

"IY*21 888SE402 8.885E*02 ' .-8'L+02 8.885E+02 8.885E402

IY20- 8,8a5E+02 8,68E+og 3845E+02 8.885E+02 8.885E÷,2

lY198 8.88SE4Oa 8.8SE÷2 8.CO8SE+0Z 88BSE+02 8.884E+02

Iva18 8.#85E+02 8 M +02 8.885E÷02 8.885E+02 8.884E+02

IY=17 8.88$6002 8.85i-O02 8.8853E02 8.885E+02 8.684E02

XY=6 8 ,- •880Z 8. . 8.885E+02 8.885E+02 8.884E+02

lY'15 8,8aSE.02 C.59*02 8.885E+02 8.8809+02 8.884E+02

IY814 8.805E+02 8.885E+02 8.8859+,2 8.88E+02 8.883E+02

IT013 ,8885E+02 8.885E+02 8.885+E02 8.885E+02 8.683E+02

1YU1 8.885E+02 8.885E+02 8.885£E02 8.885E4OZ 8.883S÷01

ZYMal 8.885E+02 8.885E+02 8.885E*02 8.88.q+02 8.82E+02
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IY•l 180885E+02 8.885E+02 8.685E+02 8.585E+02 8.882E+02

IYM 9 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.881E+02

1yT 8 8.885E+02 8.885E+02 8.885E+02 8.884E+02 8.878E+02

riY 7 8.885E+02 8.885E+02 8.885E+02 8.883E+02 8.871E+02

Iy= 6 8.885E+02 8.885E+02 8.884E+0' 8.880E+02 8.847E+02

IY= 5 8.885E+02 8.885E+02 8.884E+02 8.875E+02 8.792E+02

IY= 4 8.885E+02 8.885E+02 8.884E+02 8.874E+02 8.749E+02

Iy= 3 8.885E+02 8.885E+02 8.884E-42 8.873E+02 8C715E+02

IY= 2 8.885E+02 8.885E+02 8.884E+02 8.873E+02 .. 684E+02

Iya I 8.8855+02 8.885E+02 8.884E+02 8.873E+02 8.366E+02

IZ• 1 2 3 4 5

IY=25 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

-=24 8.885E+02 8.885EI02 8.885Z+02 8.885E+02 8.885E+02

IY=23 8.885E+02 8.885E+02 8.885E+02 8,885E+02 8.884E+62

IY=22 8.884E+02 8.884E+02 8.884E+02 8.884E+02 8.884E+02

IYU21 8.884E+02 8.884E+02 8.884E+02 8.884E4--' 8.883E+02

yaz20 8.883E+02 8.883E+02 8.8833+02 8,883E+02 8.883E+02

IY=lg 8.035.+02 8,883E+O 8.883E+02 8,882E+02 8.882E+02

IYtl8 "8.882E+02 8.882B+02 8.8-02902 8.882E+02 8.881E+02

IY*17 8.881E+02 8.881E+02 8.881E+02 8.881E+02 8.879E+02

IYO16 8.880E+02 8.880E+02 9.880E+02 8.879t+02 8.8775+02

IYa15 8.879E+02 8.879E+02 8.879E+02 8.877E+02 8.873C+02

.y"14 8.878E+02 8.878E+02 8.87?7+02 8.874E+02 8.867E+02

MYo13 8.8770÷02 8.877E+02 8.075E+02 8,869+E02 8.8585+02

ZY412 8.876E+02 8.875E+02 8.871C+02 8.862E+02 8.843E+02

lYAll 8.874E+02 8.873E+02 8.865E+02 8.849E+02 8.8205+02

MYIOO 8.872E+02 8.869E+02 8.8554E02 8.827E+02 8.788E+02

Iy: 9 8.068*+02 8.862E+02 8.835E+02 8.793E+02 8.747£+02

IYM 8 8.861E+02 8.846C+02 8.798E*02 8,745E+02 8.703E*02

-Y= 7 8.841E402 8.809E+02 8.740E+02 8.693E+02 8.670E+02

IY= 6 8.785E*02 8.731E+02 8.674E+02 8.660E502 8.658E+02

IYe 5 8.707E+02 8.682E+02 8.676E+02 8.673E+02 8.60SiE02

MYI 4 8.675E+02 8.665E+02 8.672E+02 8.6655E02 8.642E+02

IY= 3 8.656E+02 8.649E+02 8.648E+02 8.566E+02 8.339j-4Z

IY= 2 8.622=+02 8.509E502 8.347E+02 7.855E+02 7.644E+02
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IY= 1 7.369E02 6.452E+02 5.906E+02 6.019E+02 6.004E+02

IZ= 6 7 8 9 10

IY=25 8.885E+02 8.884E+02 8.884E+02 8.884E+02 8.883E+02

IY=24 8.885E+02 8.884E+02 8.884E+02 8.883E+02 8.883E+02

IY=23 8.884E+02 8.884E+02 8.883E+02 8.882E+02 8.88ZE+02

IY=22 8.884E+02 8.883E+02 8.882E+02 8.881E+02 8.880E+02

IY=21 8.883E+02 8.882E+02 8.880E+02 8.879E+02 8.877E+02

IY=20 8.82E402 8.880E+02 8.877E+02 8.875E+02 8.873E+02

IY=19 8.881E+02 8.878E+02 8.873E+02 8.870E+02 8.867E+02

IY=18 8.879E+02 8.875E+02 8.867E+02 8.863E+02 8.857E+02

IY=17 8.876E+02 8.869E+02 8.858E+02 8.8S2E+02 8.844E+02

IY=16 8.871E+02 8.861E+02 8.845E+02 8.836E+02 8.826E+02

IY=15 8.864E+02 8.849E+02 8.827E+02 8.815E+02 8.802E+02

IY=14 8.853E+02 8.8329+02 8.804E+02 8.788E+02 8.773E+02

IY=13 8.837E+02 8.eO8E+02 8.775E+02 8.758E+02 8.743E+02

IY=12 8.814E+02 8.778E+02 8.743E+02 8.727E+02 8.715E+02

IY=11 8.783E+02 8.744E+02 8.714E+02 8.702E+02 8.694E+02

IY=1O 8.746E+02 8.711E+02 8.690E+02 8.684E+02 8.681E+02

IY=I 9 8..708E+02 8.685E+02 8.674E+02 1.673E+02 8.674E+02

1Y= 8 8.679E+02 8.669E+02 8.666E+02 8.668E+02 8.671E+02

IY= 7 8.663E+02 8.662E+02 8.663E+02 8.665E+02 8.668E+02

lYm C 8.659E+02 8.659E+02 8.660E+02 8.662E+02 8.665E+02

IY= 5 8.664E+02 8.656E+02 8.643E+02 8.620E+02 8.609E+02

IY= 4 8.599E+02 8.520E+02 8.401E+02 8.261E+02 8.191E+02

IY= 3 8.075E+02 7.1672+02 7.729E+02 7.638E+02 7.601E+02

IY= 2 7.557E+02 7.466E+02 7.376E+02 7.301E+02 7.270E+42

IY= 1 5.964E+02 5.907E+02 5.842E+02 5.782E+02 5.756E+02

IZ= 11 12 13 14 15

IY=25 8.883E+02 8,883E+02 8.883E+02 8.883E+02 8.883E+02

IY=24 8.883E+02 8.883E+02 8.883E+02 8.883E+02 8.883E+02

XY=23 8.882E+02 8.882E+02 8.882E+02 8.882E+02 8.882E+02

IY=22 8.880E+02 8.880E+02 8.880E+02 a.880E+02 8.881E+02

IY=21 8.877E+02 8.877E+02 8.877E+02 3.878E+02 8.879E+02

IY=20 8.873E+02 8.873E+02 8.872E+02 8.874E+02 8.876E+02

IY=19 8.366E+02 8.866E+02 8.866E+02 8.867E+02 8.870E+02
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1Y=18 8.857E+02 8.856E+02 8.856E+02 8.858E+02 8.862E+02

IY=17 8.843E+02 8.842E+02 8.842E+02 8.844E+02 8.850E+02

IY=16 8.824E+02 8.823E+02 8.822E+02 8.824E+02 8.833E+02

IY=15 8.800E+02 8.798E+02 8.798E+02 8.800E+02 8.811E+02

IY=14 8.771E+02 8.769E+02 8.769E+02 8.771E+02 8.785E+02

IY=13 8.741E+02 8.740E+02 8.741E+02 8.744E+02 8.760E+02

IY=12 8.715E+02 8.716E+02 8.718E+02 8.722E+02 8.740E+02

IY=1l 8.696E+02 8.698E+02 8.703E+02 8.706E+02 8.725E+02

IY=10 8.684E+02 8.688E+02 8.694E+02 8.698E+02 8.716E+02

IY= 9 8.678E+02 8.683E+02 8.690E+02 8.694E+02 8.711E+02

IY= 8 8.675E+02 8.680E+02 8.687E+02 8.691E+02 8.706E+02

IY= 7 8.673E+02 8.678E+02 8.684E+02 8.688E+02 8.699E+02

Iy= 6 8.668E+02 8.673E+02 8.680E+02 8.686E+02 8.694E+02

IY= 5 8.596E+02 8.597E+02 8.604E+02 8.624E+02 8.595E+02

IY= 4 8.125E+02 8.115E+02 8.113E+02 8.143E+02 8.120E+02

IY= 3 7.571E+02 7.571E+02 7.584E+02 7.665E+02 7.668E+02

Iy= 2 7.244E+02 7.245E+02 7.261E+02 7.389E+02 7.343E+02

IY= 1 5.735E+02 5.737E+02 5.754E+02 5.976E+02 5.928E+02

IZu 16 17 18 19 20

1Y=25 8.870E+02

IY=24 8.759E+02

1Yu23 8.547E+02

IY=22 8.257E+02

IY=21 7,909E+02

IY=20 7.527E+02

IY=19 7.128E+02

IY=18 6.724E+02

IY=17 6.320E+02
IY=16 5.919E+02

IY=15 5.523E+02

IY=14 5.137E+02

IY=13 4.769E+02

IY=12 4.433E+02

IY=11 4.134E+02

IY=10 3.873E+02
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IY= 9 3.646E+02

I*y= 8 3.444E+02

Iy= 7 3.262E+02

IY= 6 3.093E+02

Iy= 5 2.961E+02

IY= 4 2.817E+02

Iy= 3 2.720E+02

IY= 2 2.691E+02

IY= 1 2.285E+02

IZ= 21

FIELD VALUES OF WCRT

1Y=25 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=24 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=23 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=22 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=21 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=20 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=19 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8,885E+02

IYM18 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=17 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=16 8.885E+02 8.885E+02 8.885E+02 8,885E+02 8.885E+02

IY=15 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=14 8.885E+02 "8.885E+02 8.885E+02 8.885E+02 8.885E+02

Y=13 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=12 8.885E02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=11 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=10 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=10 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.884E+02

IY= 8 8.885E+02 8.885E+02 8.885E+02 8.884E+02 8.882E+02

IY= 7 8.885E+02 8.885E+02 8.885E+02 8.883E+02 8.876E+02

IY= 6 8.885E+02 8.885E+02 8.884E+02 8.880E+02 8.851E+02

IY= 5 8.885E+02 8.885E+02 8.884E+02 8.875E+02 8.787E+02

IY= 4 8.885E+02 8.885E+02 8.884E+02 8.874E+02 8.753E+02

IY= 3 8.885E+02 8.885E+02 8.884E+02 8.873E+02 8.720E+02

IY= 2 8.885E+02 8.885E+02 8.884E+02 8.873E+02 8.689E+02
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IY= 1 8.885E+02 a.885E+02 8.884E+02 8.873E+02 8.671E+02

IZ= 1 2 3 4 5

IY=25 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=24 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=23 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

1Y=22 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=21 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.885E+02

IY=20 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.884E+02

IY=19 8.885E+02 8.885E+02 8.885E+02 8.885E+02 8.884E+02

IY18 8.885E+02 8.885E+02 8.885E+02 8.8842+02 8.884E+02

IY=17 8.885E+02 8.885E+02 8.885E+02 8.884E+02 8.883E+02

IY=16 8.885E+02 8.885E+02 8.885E+02 8.884E+02 8.881E+02

IY=15 8.885E+02. 8.885E+02 8.884E+02 8.883E+02 8.878E+02

IY=14 8.885E+02 8.885E+02 8.884E+02 8.881E+02 8.873E+02

IY=13 8.885E+02 8.885E+02 8.883E+02 8.877E+02 8.865E+02

IY=12 8.885E+02 8.884E+02 8.881E+02 8.871E+02 8.851E+02

IY=11 8.885E+02 8.883E+02 8.876E+02 8.859E+02 8.828E+02

IY=10 8.884E+02 8.881E+02 8.867E+02 8.837E+02 8.795E+02

Iy= 9 8.882E+02 8.875E+02 8.848E+02 8.803E+02 8.750E+02

IY= 8 8.876E+02 8.861E+02 8.812E+02 8.752E+02 8.700E+02

Iy= 7 8.858E+02 8.824E+02 8.751E+02 8.692E+02 8.659E+02

Iy= 6 8.801E+02 8.741E+02 8.676E+02 8.647E+02 8.639E+02

IY= 5 8.716E+02 8.675E+02 8.658E+02 8.650E+02 8.646E+02

IYm 4 8.676E+02 8.651E+02 8.651E+02 8.642E+02 8.620E+02

IY= 3 8.648E+02 8.630E+02 8.626E+02 8.544E+02 8.318E+02

Iy= 2 8.606E+02 8.488E+02 8.325E+02 7.835E+02 7.625E+02
4

IY= 1 7.352E+02 6.436E+02 5.891E+02 6.004E+02 5.990E+02

IZ= 6 7 8 9 10

IY=25 8'885E+02 8.884E+02 8,884E+02 8.884E+02 8.883E+02

IY=24 8.885E+02 8.884E+02 8.884E+02 8.883E+02 8.883E+02

IY=23 8.885E+02 8.884E+02 8.883E+02 8.883S+02 8.882E+02

1Y=22 8.884E+02 8.884E+02 8.882E+02 8.882EA02 8.881E+02

IY=21 8.884E+02 8.883E+02 8.881E+02 8.880E+02 8.878E+02

IYm20 8.884E+02 8.882E+02 8.879E+02 8.877E+02 8.874E+02

IY=19 8.883E+02 8.880E+02 8.875E+02 8.872E+02 8.868E+02
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IY=18 8.882E+02 8.877E+02 8.8705+02 8.865E+02 8.859E+02

1Y=17 8.879E+02 8.872E+02 8.861E+02 8.854E+02 8.845E+02

IY=16 8.876E+02 8.865E+02 8.849E+02 8.838E+02 8.826E+02

IY=15 8.869E+02 8.853E+02 8.830E+02 8.816E+02 8.801E+02

IY=14 8.859E+02 .8.836E+02 8.806E+02 8.787E+02 8.770E+02

1Y-13 8.843E+02 8.812E+02 8.775E+02 8.754E+02 8.737E+02

IY=12 8.820E+02 8.780S+02 8.7415+02 8.7205E+02 8.705E+02

IY=11 8.787E+02 8.743E+02 8.707E+02 8.690E+02 8.681E+02

IY=10 8.747E+02 8.706E+02 8.678E+02 8.668E+02 8.664E+02

IY= 9 8.704E+02 8.674E+02 8.658E+02 8.654E+02 8.654E+02

IY= 8 8.668E+02 8.652E+02 8.647E+02 8.647E+02 8.650E+02

IY= 7 8.646E+02 8.642E+02 8.642E+02 8.644E+02 8.647E+02

IY= 6 8.637E+02 8.637E+02 8.638E+02 8.640E+02 8.643E+02

IY= 5 8.642E+02 8.635E+02 8.621E+02 8.598E+02 8.587E+02

IY= 4 8.577E+02 8.498E+02 8.380E+02 8.240E+02 8.171E+02

IY= 3 8.054E+02 7.847E+02 7.710E+02 7.619E+02 7.583E+02

Iyu 2 7.539E402 7.448E+02 7.358E+02 7.283E+02 7.252E+02

IyU 1 5.950E+02 5.893E+02 5.828E+02 5.768E+02 5.742E+02

IZ= 11 12 13 14 15

IY=25 8,883E+02 8.883E+02 8.883E+02 8.883E+02 8.883E+02

IY=24 8.883E+02 8.883E+02 8.883E+02 8.883Ef02 3.883E+02

IY=23 8.882E+02 8.882E+02 8.882E+02 8.882E+02 8.882E+02

IY=22 8.880E+02 8.880E+02 8.880E+02 8.880E+02 8.881E+02

IY=21 8.878E+02 8.878E+02 8.878E+02 8.878E+02 8.879E+02

IY=20 8.874E+02 8.874E+02 8,873E+02 8.874E+02 8.876E+02

IY=19 8.868E+02 8.867E+02 8.867E+02 8.867E+02 8.870E+02

IY=18 8.858E+02 8.857E+02 8.857E+02 8.857E+02 8.862E+02

IY=17 8.844E+02 8.843E+02 8.842E+02 8.843E+02 8,850E+02

IY=16 8.824E+02 8.822E+02 8.821E+02 8.823E+02 8.833E+02

IY=15 8.798E+02 8.796E+02 8.795E+02 8.797E+02 8.811E+02

IY=14 8.766E+02 8.764E+02 8.763E+02 8.767E+02 8.785E+02

IY=13 8.733E+02 8.731E+02 8.732E+02 8.737E+02 8.760E+02

IY=12 8.703E+02 8.703E+02 8.705E+02 8.712E+02 8.740E+02

¥= 11 8.680E+02 8.682E+02 8.686E+02 8.695E+02 8.725E+02

IY=IO 8.666E+02 8.669E+02 8.675E+02 8.685E+02 8.716E+02
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IY= 9 8.658E+02 8.662E+02 8.669E+02 8.680E+02 8.711E+02

1Y= 8 8.654E+02 8.659E+02 8.666E+02 8.677E+02 8.706E+02

IYN 7 8.651E+02 8.656E+02 8.663E+02 8.673E+02 8.699E+02

1Y= 6 8.647E+02 8.651E+02 8.658E+02 8.670E+02 8.694E+02

1Y= 5 8.574E+02 8.576E+02 8.582E+02 8.608E+02 8.595E+02

Iy= 4 8.105E+02 8.094E+02 8.093E+02 8.128E+02 8.120E+02

1y= 3 7.553E+02 7.553E+02 7.565E+02 7.652E+02 7.668E+02

Iy= 2 7.226E+02 7.228E+02 7.243E+02 7.3765+02 7.343E+02

IY= 1 5.721E+02 5.723E+02 5.740E+02 5.965E+02 5.928E+02

IZ= 16 17 18 19 20

IY=25 8.884E+02

IY=24 8.884E+02

IY=23 8.885E+02

IY=22 8.885E+02

IY=21 8.886E+02

IY=20 8.887E+02

IY=19 8.889E+02

IY=18 8.892E+02

IYa17 8.894E+02

IY=16 8.897E+02

IYM15 8.898E+02

IY=14 8.897E+02

lYz13 8.891E+02

IY=12 8.883E+02

IY=11 8.875E+02

IY=10 8.869E+02

Iym 9 8.863E+02

IY= 8 8.859E+02

IY= 7 8.854E+02

IY= 6 8.836E+02

IY= 5 8.616E+02

IY= 4 8.021E+02

IY= 3 7.437E+02

IY= 2 7.020E+02

IYI 1 5.809E+02
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IZ= 21

FIELD VALUES OF Pl

IY=25 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=24 1-048E+05 1.048E+05 1.046E+05 1.048E+05 1.048E+05

IY=23 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=22 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=21 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=20 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=19 1.0485+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

1Y=18 .1.048E+05 1.048E+05 1.048E405 1.048E+05 1.048E+05

IY=17 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05
IY=16 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=15 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05
IY=14 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=13 1.048E+05 1.048E+05 1.048E+05 1.0485+05 1.048E+05

IY=12 1.0485+05 1.0485+05 1.048E+05 1.048E+05 1.048E+05

IY1Y1 1.048E+05 1.048E+05 1.048E+05 1.048E+05 "1.048E+05

IY=lO 1.048E+05 1.048E+05 1.04$E+05 1.048E+05 1.048E+05
IY= 9 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05
IY1 8 1.048E+05 1.048E+05 1.0485+05 1.048E+05 1.049E+05

1Y= 7 1.048E+05 1,048E+05 1.0485+05 1.048E+05 1.051E+05

IYz 6 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.056E+05
IY= 5 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.'063E+05

1Ym 4 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.065E+05

IY= 4 1.0485+05 1.0485+05 1.0485+05 1.0450+05 1.0655+05

IY= 3 1.048E+05 1.048E+05 1.048E+05 1.050E+05 1.066E+05

IY= 2 1.048E+05 1.048E+05 1.048E+05 1.0505+05 1.066E+05
IY= 1 1.0485+05 1.0485+05 1.0485+05 1.0495+05 1.0•6E+05

IZ= 1 2 3 4 5

IY=25 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05
IY=24 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=23 1.048E+05 1.048E+05 1,048E+05 1.048E+05 1.048E+05

IY=22 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=21 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=20 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05

IY=19 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.048E+05
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IY=18 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.049E+05

IY=17 1.048E+05 1.048E+05 1.048E+05 1.048E+05 1.049E+05

IY=16 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.050E+05

nIY=15 1.048E+05 1.048E+05 1.048E+05 1.049E+05 1.052E+05

iY=14 1.048E+05 1.048E+05 1.048E+05 1.050E+05 1.055E+05

IY13 1.048E+05 1.048E+05 1.049E+05 1.052E+05 1.061E+05

IY=n12 1.048E+05 1.048E+05 1.049E+05 1.055E+05 1.072E+05

IY=12 1.048E+05 1.049E+05 1.051E+05 1.063E+05 1.092E+05

IY=10 1.049E+05 1.050E+05 1.054E+05 1.078E+05 1 .127E+05
IY= 9 1.049E+05 1.053E+05 1.063E+05 1.109E+05 1.184E+05

IY= 8 1.052E+05 1.062E+05 1.086E+05 1.168E+05 1.267E+05

iIY 7 1.062E+05 1.090E+05 1.145E+05 1.268E+05 1.362E+05

IY: 6 1.096E+05 1.179E+05 1.281E+05 1.394E+05 1.427E+05

IY: 5 1.199E+05 1.346E+05 1.413E+05 1.421E+05 1.425E+05

IY= 4 1.267E+05 1.404E+05 1.437E+05 1.425E+05 1.424E+05

IY= 3 1.343E+05 1.438E+05 1.445E+05 1.425E+05 1.423E+05

IY: 2 1.403E+05 1.449E+05 1.446E+05 1.424E+05 1.424E+05

IY: 1 1.429E+05 1.446E+05 1.443E+05 1.423E+05 1.421E+05

IZ= 6 7 8 9 10

i1Y25 1.048E+05 1.048E+05 1.049E+05 1.049E+05 1.050E+05

IY=24 1.048E+05 1.048E+05 1.049E+05 1.050E+05 1.050E+05

1Y=23 1,048E+05 1.048E+05 1.049E+05 1.050E+05 1.051E+05

IY=22 1.048E+05 1.049E+05 1.050E+05 1.052E+05 1.053E+05

IY=21 1.048E+05 1.049E+05 1.051E+05 1.054E+05 1.056E+05

IY=20 1.049E+05 1.050E+05 1.052E+05 1.057E+05 1.061E+05

IY=19 1.049E+05 1.051E+05 1.055E+05 1.,063E+05 1.069E+05

IY=18 1.050E+05 1.053E+05 1.060E+05 1.072E+05 1.081E+05

IY:17 1.C51E+05 1.057E+05 1.068E+05 1.087E+05 1.099E+05

IY=16 1.054E+05 1.063E+05 1.081E+05 1.108E+05 1.125E+05

IY=15 1,059E+05 1.073E+05 1.100E+05 1.138E+05 1.161E+05

IY=14 1.067E+05 1.090E+05 1.129E+05 1.179E+05 1.208E+05

IY=13 1.081E+05 1.117E+05 1.169E+05 1.229E+05 1.262E+05

IY=12 1.104E+05 1.156E+05 1.221E+05 1.286E+05 1.317E+05

IY:11 1.142E+05 1.210E+05 1.282E+05 1.340E+O5 1.364E+05

:Y=IO 1.198E+05 1.276E+05 1.342E+05 1.384E+05 1.399E+05
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IY= 9 1.271E+05 1.344E+05 1.390E+05 1.413E+05 1.418E+05

IY= 8 1.349E+05 1.398E+05 1.420E+05 1.426E+05 1.426E+05

IY= 7 1.410E+05 1.426E+05 1.430E+05 1.429E+05 1.427E+05

IY= 6 1.432E+05 1.431E+05 1.431E+05 1.430E+05 1.427E+05

IY= 5 1.430E+05 1.432E+05 1.431E+05 1.429E+05 1.427E+05
IY= 4 1.430E+05 1.432E+05 1.431E÷05 1.429E+05 1.426E+05

IY= 3 1.429E+05 1.432E+05 1.431E+05 1.429E+05 1.426E+05

IY= 2 1.430E+05 1.434E+05 1.434E+05 1.432E+05 1.429E+05

IY= 1 1.427E+05 1.430E+05 1.430E+05 1.427E+05 1.425E+05

IZ= 11 12 13 14 15

IY=25 1.050E+05 1.050E+05 1.050E+05 1.050+E05 1.050E+05

IY=24 1.051E+05 1.051E+05 1.051E+05 1.051E+05 1.051E+05

IY=23. 1.052E+05 1.052E+05 1.052E+05 1.053E+05 1.052E+05

IY=22 1.055E+05 1.055E+05 1.055E+05 1.055E+05 1.055E+05

IY=21 1.059E+05 1.059E+05 1.059E+05 1.060E+05 1.060E+05

IY=20 1.065E+05 1.066E+05 1.066E+05 1.067E+05 1.067E+05

IY=19 1.075E+05 1.076E+05 1.077E+05 1.078E+05 1.078E+05

IY=18 1.090E+05 1.092E+05 1.094E+05 1.095E+05 1.095E+05

IY*17 1.112E+05 1.115E+05 1.118E+05 1.120E+05 1.120E+05

IY=16 1.144E+05 1.148E+05 1.151E+05 1.154E+05 1.155E+05

IY=15 1.186E+05 1.191E+05 1.195E+05 1.198E+05 1.199E+05

1Y=14 1.237E+05 1.243E+05 1.247E+05 1.250E+05 1.249E+05

lYm13 1.291E+05 1.297E+05 1.300E+05 1.301E+05 1.297E+05

IY=12 1.341E+05 1.345E+05 1.346E+05 1,345E+05 1.338E+05

Y=.11 1.381E+05 1.382E+05 1.381E+05 1.376E+05 1.366E+05

IY=1O 1.406E+05 1.405E+05 1.401E+05 1.394E+05 1.382E+05

IY= 9 1.419E+05 1.415E+05 1.410E+05 1.402E+05 1.388E+05

IY= 8 1.423E+05 1.419E+05 1.412E+05 1.403E+05 1.389E+05

IY= 7 1.424E+05 1.419E+05 1.412E+05 1.403E+05 1.389E+05

IY= 6 1.424E+05 1.419E+05 1.412E+05 1.402E+05 1,384E+05

IY= 5 1.423E+05 1,417E+05 1.409E+05 1.392E+05 1.343E+05
IY= 4 1.422E+05 1.416E+05 1.407E+05 1.385E+05 1.303E+05

IY= 3 1.422E+05 1.416E+05 1.407E+05 1.379E+05 1.237E+05

SY= 2 1.425E+05 1.419E+05 1.409E+05 1.379E+05 1.145E405

1Y= 1 1.421E+05 1.415E405 1.405E+05 1.377E+05 1.080E+05
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IZZ 16 17 18 19 20

1Y=25 1.050E+05 1.049E+05

IY=24 1.051E+05 1.049E+05

1Y=23 1.052E+05 1.049E+05

IY:22 1.055E+05 1.049E+05

1Y:21 1.059E+05 1.049E+05

IY:20 1.065E+05 1.049E+05

IY:19 1.076E+05 1..049E+05

IY:18 1.091E+05 1.049E+05

IY:17 1.114E+05 1.049E+05

IY=16 1.145E+05 1.049E+05

IYu15 1.185E+05 1.049E+05

IY=14 1.229E+05 1.049E+05

IY:13 1.271E+05 1.049E+05

1Y=12 1.305E+05 1.049E+05

IYil1 1.329E+05 1,049E+05

IYalO 1.342E+05 1.049E+05

IY= 9 1.347E+05 1.049E+05

IYm 8 1.348E+05 1.049E+05

IYu 7 1.347E+05 1.049t+05

IY* 6 1.338E+05 1.0495+05

IYx 5 1.268E+05 1.049E+05

IYu 4 1.217E+05 1.049E+05

IYm 3 1.151E+05 1.049E+05

VYa 2 1.098E+OS 1.045E+05

IYM 1 1.087E+05 9.975E+04

IZ= 21 22

FELD VALUES OF PP (density)

IY=25 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00
IY=24 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IYc23 1.835E+00 1.83SE+00 1.835E+00 1.835E+00 1.835E+00

IY=22 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=21 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY:20 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY:19 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

187



IY=18 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=17 1.835E+00 1.8352+00 1.835E+00 1.835E+00 1.835E+00

YI16 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=15 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=14 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

1Y=13 1.8356+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=12 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=12 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=10 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY= 9 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.836E+00

IY= 8 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.836E+00

IY= 7 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.8396E+00

IY= 6 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.845E+00

IY= 5 1.835E+00 1.835E+00 1.836E+00 1.8376E+00 1.854E+00

IY= 4 1.835E+00 1.835E+00 1.836E+00 1.837E+00 1.857E+00

IY= 3 1.835E+00 1.835E+00 1.836E+00 1.837E+00 1.858E+00

IY= 2 1.8356400 1.835E+00 1.836E+00 1.837E+00 1.859E+00

IYU 1 1.835E+00 1.835E+00 1.836E+00 1.837E+00 1.859E+00

IZ= 1 2 3 4 5

I"Y25 1.835E+600 1.835E+00 1.835E+00 1.835E+00 1.035E+00

lYu24 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

lYm23 1.835Z+00 1.835E+00 1,8359+00 1.835E+06 1.835E+00

IY=22 1.835E+00' 1.835E+00 1.835P400 1.835E+00 1.835E+00

ZY=21 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.835E+00

IY=20 1.835E+00 1.835E+00 1.835E+00 1.835E÷00 1.836E+00

IY=19 1.835E+00 1.835E+00 1.835E+00 1.835E+00 1.836E+00

IY=18 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.836E+00

"IY=17 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.837E+00

IY=16 1.835E+00 1.835E+00 1.835E+00 1.836E+00 1.838E+00

MY15 1.835E+00 1.835E+00 1,836E+00 1.836E+00 1.840E600

IY=14 1.835E+00 1.835E+00 1.836E+00 1.838E+00 1.844E+00

IY=13 1.835E+00 1.835E+00 1.836E+00 1.840E+00 1.852E+00

IY=12 1.835E+00 1.836E+00 1.837E+00 1.844E+00 1.8666E+00

IY=11 1.836E+00 1.836E+00 1.839E+00 1.854E+00 1.891E+00

IY=10 1.836E+00 1.837E+00 1.843E+00 1.874E+00 1.936E+00
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IY= 9 1.837E+00 1.841E+00 1.854E+00 1.914E+O0 2.009E+00

Iy= 8 1.841E+00 1.853E+00 1.884E+00 1.989E+O0 2.112E+00

r&i 7 1.853E+00 1.890E+00 1.959E+00 2.113E+00 2.22gE+00

Iy= 6 1.897E+00 2.002E+00 2.130E+00 2.267E+00 2.307E+00

IY= 5 2.028E+00 2.209E+00 2.290E+00 2.300E+00 2.305E+00

IY= 4 2.112E+00 2.279E+00 2.319E+00 2.304E+00 2.303E+00

IY= 3 2.205E+00 2.320E+00 2.326E+00 2.304E+00 2.302E+00

IY= 2 2.277E+00 2.333E+00 2.329E+00 2.303E+00 2.303E+00

TY= 1 2.309E+00 2.329E+00 2.325E+00 2.301E+00 2.300E+00

IZ= 6 7 8 9 10

IY--25 1.835E+00 1.836E+00 1.836E+00 1.837E÷00 1.838E+00

IY=24 1.835E+00 1.836E+00 1.836E+00 1.837E+00 1.838E+00

IY=23 1.836E+00 1.836E+00 1.837E+00 1.838E+00 1.839E+00

IY=22 1.836E+00 1.836E+00 1.837E+00 1.840E+00 1.842E+00

IY=21 1.836E+00 1.837E+00 1.839E+00 1.843E+00 1.846E+00

IY=20 1,836E+00 1.838E÷00 1.841E+00 1.847E+00 11852E+00

lYz19 1.837E+00 1.839E+00 1.845E+00 1.855E+00 1.862E+0O

IY=18 1.838E+00 1.842E+00 1.851E+00 1.867E+00 1.877E+00

SIY=17 1.840E÷00 1.847E+00 1.861E+00 1.885E+00 1.901E+00

IY=16 1.843E+00 1.855E+00 1.8771+00 1.912E+00 1.934E+00

lYN15 1.849E+00 1.868E+00 1.902E+00 1.951E+00 1.9809+00

IYm14 1.859E+00 1.890E+00 1.939E+00 2.0029+00 2,039E+00

IYO13 1.878E.00 1.924E+00 1.990E+00 2.065E+00 2.106E+00

IYa12 1.908E+00 1,974E+00 24055E÷00 2.135E+00 2.173E00

XYM11 1.956E+00 2.041E+00 2.130E+00 2.202Eo00 Z.231E+00

%Y=IO 2.026E+00 2.173E+(,O 2.204E÷00 2.255E£00 2.273E+00

lye 9 2.117E+00 2.206E+00 2.262EE00 2.Z90E+00 2.296E00

IY= 8 2.213E+00 2.272E+00 2.298E+00 2.306E+00 2.305E÷00

IY= 7 2.286E+00 2.306E+00 2.310E+00 2.310E+00 2.307E+00

Iy= 6 2.312E+00 2.312E+00 2.312E+00 2.310E+00 2.307E+00

IY= 5 2.310E+00 2.313E+00 2.312E+00 2.310E+00 2.306E+00

IY= 4 2.310E+00 2.3176+00 2.312E+00 2.309E+00 2.306E+00

Iy= 3 2,309E+00 2.312E+00 2.311E+00 2.309E+00 2.306E+00

IY= 2 2.311E+00 2.315E+00 2.315E+00 2.312E+00 2.309E+00

Iy= I 2.307E+00 2.310E+00 2.310E+00 2.307E+00 2.304E*00
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1Z= 11 12 13 14 15

IY=25 1.838E+00 1.838E+00 1.838E+00 11838E+00 1.838E+00

IY=24 1.839E+00 1.839E+00 1.839E+00 1.839E+00 1.839E+00

IY=23 1.841E+00 1.841E+00 1.841E+00 1.841E+00 1.841E+00

IY=22 1.844E+00 1.844E+00 1.844E+00 1.844E+00 1.844E+00

IY=21 1.849E+00 1.849E+00 1.850E+00 1.850E+00 1.4SOE+00

IY=20 1.857E+00 1.858E+00 1,859E+00 1.859E+00 1.860E+00

IY=19 1.870E+00 1.871E+00 1,873E+00 1.874E+00 1.874E+00

IYwl8 1.8-9E÷00 1.892E+00 1.894E+00 1.895E+00 1.896E+00

IjY"1? 1.918E+O0 1.922E+00 1.925E+00 1.927E+00 1.928E+00

IY=16 1.958E+00 1.963E+00 1.968E+00 1.971E+00 1.972E+00

IY=15 2.011E+00 2.017E+30 2.023E+00 2.027E+00 2.027E+00

IY=14 2.075E+00 2.082E+00 2,088E+00 2.091Z+00 2.090E+00

IY=13 2.142E+00 2.149E+00 2.153E+00 2.154E+00 2.150E+00

IY*12 2.203E+00 2.208E+00 2.209E+00 2.208E+00 2.199E+00

IY=11 2.251E+00 2.252E+00 2.251E+00 2.246E÷00 2.233E+00

IYmIO 2.282E+00 2.280E+00 2.275E+00 2.268E+00 2.252E+00

I¥= 9 2.29?E+00 2.293E+00 2.286E÷00 2.276E+00 2.259E+00

IY* 3 2.302E+00 2.297E+00 2.289E+00 2.278E+00 2.261E+00

IyM 7 2.303E+00 2.297E+00 2.289E+00 2.278E+00 2.261E+00

I'y 6 2,303E+00 2,29?E+O0 2.280E+00 2.77&+00 2.255E÷00

Iy= 5 2.302E+00 2.295E+00 2.ZSSE+00 2.265E+00 2.205E+00

Iya 4 2.301E+00 2.294E400 2,283E00 2.256E+00 Z.156Z+O0

IY= 3 2.301E+00 2.294E+00 2.282E+00 2.249E+00 2.074E+00

IY= 2 2.304E£00 2.297E£00 2.286E+00 2.2SOE00 1.959E+00

IYU 1 2.299g+00 2.292E+00 2.281E÷00 2.247E+00 1.876E+00

IZ= 16 17 18 19 20

IY=Z5 1.838E00 1.837E+00

IY=24 1.839E+00 1.837E+00

IY=23 1.841E+00 1.837E.0o

IYU22 1.844E+00 1.837E+00

IYM21 1.849E+00 1.837E+00

IY=20 1.858E+00 1.837E÷00

IY=19 1.871E÷00 1.837E+00

IY=18 1.891E+00 1.837E+00
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ZY=i7 1.9205+00 1.837E+00

IY=16 1.960E+00 1.837E+00

IY=l5 2.009E+00 1.837E+00

""y=14 2.065E+00 1.837E+00

IY=13 2.117E+00 1.837E+00

*Y=12 2.159E+00 1.837E+00

IY=I1 2.188E+00 1.8379+00

IYV10 21204E+00 1.08751+00

-- v.l= 9 2.210÷+00 .I.837•+00

1Y; a 2.lzI1+00 1t &74

IY= z• aj• ½ 1.8375+00

it4 6 Z.lfl-E+00 I .8=1h+04

5- 2, .i. S3*E+00.

it= 4 2.0-5*9+0 1.8364+00

V a--1 1 .968_+00 1.836E+00

IV•• I.$ s0O 11832z+oo0

TY-'I- 1.885E+00 1.769E4-00

NX~dMM]f-MMMNN MKKEtM•IMWAMMNMWNM.-RMMNMMKMKUNflh#WMNMM flM•MKM

USER, - HM OF FILE CONTAIhINUG I NAL F n= XS zs T.i

LAST SWEEP a 100

LASTSM a 1
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APPNImix

PROGRAMI CALCULATES THE DISTRIBUTION QUANTITIES FOR TURBULENT

FLOW

C THIS PROGRAM CF,ST,Q,H OVER THE VANE FOR

C TUMRBULENT FLOW

REAL*$ Y'I(20),Y2(20),H(20),W(2O),ST(20),Q(20.),CF(20),RA(20)

REAL*'8 BZFRAC(2O),EI4U,C-GP3,,PR,HW,ZCOR(20),HCON(20),,RO(2O)

REALX8 REZ(20),CFT(20),Z(2O),TAW(20),YO(20),D1 (20e),De'(20)

REALY3 P(20),V(ZO),ARG(ZO),KE(ao)

INTEGER IZ

GH=6 .4E-03,

GL=95.ZE-03

GRETA=4.

GBETAmOBETA3. 1415927/180

GTAB=TAlN(GBETA 1)

DELMAX=2.E-03

GNBLuS.

ENU!AI.E-05

N... ROE=1.835

PE2*1 .08E4+O5

1'EZ888J5

RUU=O .5ROEMWEXMM

GAHAul.35

RW=287.

CP=GAI1A*RW/(GAHA-1.)

)IW=323.MCP

:Ion~ss.5*CP

PR=O.9

9 ~GPCP=EMIU/PR
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DO 10 IZ=1,6

Y1 (IZ)=(1 ./5. )*GPWR*IDELZ'AX

Y2(IZ)=(2./5. )**GPWRMEDELMAX

10 CONTINUE

BZFRAC( )=42.373E-3

-. DO 66 IZ=2,8

66 BZFRAC(IZ)=42.373E-3+BZFRAC(IZ-1)

DO 67 1Z=9,14

67 BZFRAC( IZ)=84 .75E-3+BZFRAC(IZ-1)

DO 68 1Z=15,16

68 BZFRAC(IZ)=42.73E-3+BZPRAC(IZ-1)

* -. -DO 69 IZ=17,20

69 BZFRAC(IZ)',11.295E-~3+BZFRAC(1Z-1)

DO'20 IZ=6*20

Yl CIZ)=Y (1 )*(OD-(BZFRAC(IZ)-BZFRAC(5)MXGTABNGTL),GD

Y2(IZ)'Y2(1 )*(GD-C5ZFNAC(IZ)-BZFRAC(S))*GTA1BhGTL),GD

Z(IZ)u(BZFRAC(IZ)-BZFRAC(5))*GTL

REZ(IZ)=RO(IZ)*WE*2(IZ)/EHU

%RG(IZ)=0.06XREZ(IZ)

C C'r(IZ)'(0.455/(DLOO(ARG(IL)))RN2)*0.4

CFT(IZ)UCO .4S5fr(DLOG(ARG(IZ) ) )XN)KO .77

ST(IZ)aCCFCIZ)/2. )*CPR)NmC-2./3.)

* N~~CON(CIZ) UST (12) ROEKWENCP

* ~Q(IZ)s(H(IZ)/CP)N(0.928K110-HW)

C WRITE(8*18) CF(IZ),ST(IZ),Q(XZ),H(IZ),Z(IZ)

C WRITE(8,19) Z(XZ),CJ'(XZ)

C WRITh(8,27) Z(IZ),ST(XZ)

C WRITEC8,2I) Z(IZ),Q(IZ)

'IC WRITECE,22) Z(XZ),H(IZ)

*WRITE(8,24) ZCIZ),CFTCIZ)

C WR.IfE(8,28) REZCIZ),CFrCIZ)

20 CON~TINUE

12 FORNATC3X,E0O.3,3XoE10.3,3X,EIO.3,3X,EIO.3)
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C 18 FOWMT(3X,ElO.3,3X,E1O.3o3XE1O.3,3X,EIO.3,3XIE1O.3)

iiC 19 FORHATSXE1O.3,3XEJO.3)

C 27 FORHAT(3XE1O.3,3XPE1O.3)

C 21 FORMAT(3X,E1O.3,3XE1O.3)

C 22 FORMAT(3X,E1O.3p3X,E1O.3)

- 24 FORflAT(3X,E1O.3,3X1EI0.3)

C 28 FORMAT(3X,-EI2.5s,3X,E12.5)

STOP

END
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AEEEND.IX 31

INPUT FILE FOR PRORAM CALCULATING TURBULENT FLOW QUANTITIES

H(IZ) W(IZ) RO(IZ) KE(IZ)

5.690E+05 7.369E+02 2.309 5.230E+03

5.372E+05 6.452E+02 2.329 4.126E+03

5.194E+05 5.906E+02 2.325 3.531E+03

5.258E+05 6.019E+02 2.301 3.667E+03

5.262E+05 6.004E+02 2.300 3.661E÷03

5.252E+05 5.964E+02 2.307 3.625E+03

5.233E+05 5.907E+02 2.310 3.572E+03

5.211E+05 5.842E+02 2.310 3.513E+03

5.199E+05 5.782E+02 2.307 3.459E+03

5.180E+05 5.756E+02 2.304 3.440E+03

5.170E+05 5.735E÷02 2.299 3.424E÷03

-5.168E+05 5.737E+02 2.292 3.432E+03

5.165E+05 5.754E+02 2.281 3.455E+03

5.172E+05 5.976E+02 2.247 3.710E+03

5.163E÷05 5.928E+02 1.876 3.812E+03
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NOMENCLATURE

C_,4 zcb constants used in turbulent model

IC. Skin friction coefficient
H Heat transfer coefficient
M Mach number

P Pressure
Pr Prandtl number

Q Heat flux
Re Reynolds number
St Stanton number

T Temperature

GREEK LETTER SYMBOLS

5 Boundary layer thickness
JA Dynamic viscosity
P Density

Constants used in turbulent model
* Any property at the grid node*

O Kinematic viscosity

SUBSCRIPTS
comp Compressible value

inc Incompressible value
eff Effective value

T Turbulent quantity
lam Laminar quantity
z Local value in the flow direction

Free stream value
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